Mississippi State University

Scholars Junction
Theses and Dissertations

Theses and Dissertations

8-11-2017

Assessing Tornado watches for Accuracy, Impacts on Daily
Activities, and Potential Economic Impacts
Barrett Frank Gutter

Follow this and additional works at: https://scholarsjunction.msstate.edu/td

Recommended Citation
Gutter, Barrett Frank, "Assessing Tornado watches for Accuracy, Impacts on Daily Activities, and Potential
Economic Impacts" (2017). Theses and Dissertations. 763.
https://scholarsjunction.msstate.edu/td/763

This Dissertation - Open Access is brought to you for free and open access by the Theses and Dissertations at
Scholars Junction. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of
Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com.

Template C v3.0 (beta): Created by J. Nail 06/2015

Assessing tornado watches for accuracy, impacts on daily activities, and potential
economic impacts

By
TITLE PAGE
Barrett F. Gutter

A Dissertation
Submitted to the Faculty of
Mississippi State University
in Partial Fulfillment of the Requirements
for the Degree of Doctor of Philosophy
in Earth and Atmospheric Sciences
in the Department of Geosciences
Mississippi State, Mississippi
August 2017

Copyright by
COPYRIGHT PAGE
Barrett F. Gutter
2017

Assessing tornado watches for accuracy, impacts on daily activities, and potential
economic impacts
By
APPROVAL PAGE
Barrett F. Gutter
Approved:
____________________________________
Michael E. Brown
(Major Professor)
____________________________________
Kathy Sherman-Morris
(Committee Member)
____________________________________
William H. Cooke, III
(Committee Member)
____________________________________
John C. Rodgers, III
(Committee Member)
____________________________________
Christopher M. Fuhrmann
(Committee Member)
____________________________________
Renee M. Clary
(Graduate Coordinator)
____________________________________
Rick Travis
Interim Dean
College of Arts & Sciences

Name: Barrett F. Gutter
Date of Degree: August 11, 2017

ABSTRACT

Institution: Mississippi State University
Major Field: Earth and Atmospheric Sciences
Select Appropriate Title: Michael E. Brown
Title of Study: Assessing tornado watches for accuracy, impacts on daily activities, and
potential economic impacts
Pages in Study 171
Candidate for Degree of Doctor of Philosophy
During 2007 – 2015, a total of 2,359 tornado watches were issued by the Storm
Prediction Center and 10,840 tornadoes were confirmed. The objective of the first part of
this study analyzed the accuracy of tornado watches for the nine-year period of 2007 –
2015. In addition to accuracy, fatalities, lead times, valid watch times, and areas were
calculated for each tornado watch. 58.80% of the tornado watches had at least one
tornado inside the tornado watch and 27.43% had at least one tornado outside the tornado
watch. Of the 10,840 tornadoes, 56.70% were inside a tornado watch, 9.69% were
outside a tornado watch, and 33.62% occurred when there was no tornado watch in
effect. The average valid time for a tornado watch was 6 hours and 50 minutes and the
average lead time for a tornado was 2 hours and 8 minutes.
The second objective utilized a survey to determine participant knowledge and
better understand “watch severity response”. A majority of the survey respondents
accurately identified the difference between a tornado watch and a tornado warning. Most
of the respondents described their weather knowledge as ‘moderately knowledgeable,’
‘very knowledgeable,’ or ‘slightly knowledgeable.’ TV meteorologists, the NWS, and

weather apps are the most common sources for daily weather information and
information regarding a tornado watch. 81.63% of the respondents correctly identified if
they were under a tornado watch during 2016. As the severity of the watch or the length
of the activity increased, the likelihood of the respondent continuing the activity
decreased. 38.87%, 54.76%, and 79.18% of the respondents ‘probably would not’ or
‘definitely would not’ continue an activity, lasting any duration, during a severe
thunderstorm watch, a tornado watch, or a PDS tornado watch, respectively.
The final objective attempts to categorize simple economic response to various
watch severity types. The percent of respondents who would not continue an activity,
based on the severity of the watch, was applied to a variety of watches that occurred
during 2016. The economic loss associated with a watch ranged from $498,332.15 –
$107,126,919.19.
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ASSESSING THE ACCURACY OF TORNADO WATCHES ACROSS THE
CONTIGUOUS UNITED STATES FROM 2007 – 2015
1.1

Introduction
A tornado is defined as “a rotating column of air, in contact with the earth’s

surface, and often visible as a funnel cloud and/or circulating debris/dust at the ground”
(AMS, 2015). On average, the United State experiences over 1,100 tornadoes per year
(Carbin, 2015). Tornadoes can occur throughout the year, at any time of day, and produce
winds ranging from 30 meters per second (m s-1) (67 miles per hour ((mph)) to 135 m s1 (300 mph) (AMS, 2015). From 1985 – 2014, tornadoes have been responsible for an
average of 73 fatalities annually (Carbin, 2015) as well as additional economic, societal,
and physiological impacts.
Tornado watches are issued by the Storm Prediction Center (SPC), located in
Norman, Oklahoma, “when conditions are favorable for the development of severe
thunderstorms and tornadoes over a larger-scale region” (NWS, 2017). A watch is
defined by the area inside a parallelogram. Tornado watches are issued to alert the public
and emergency personnel (emergency managers, government officials, school officials,
first responders, etc.) to the potential for severe weather that is likely to occur within the
next several hours. The stated goal of the SPC is to have a tornado watch issued two
hours prior to the first tornado (SPC-B, 2017). Tornado watches are assigned
1

probabilities based on the likelihood of severe weather occurring inside the tornado
watch. Tornado watch probabilities range from ‘low’ to ‘medium’ to ‘high’ and are
applied to six categories. These categories include: all tornadoes, EF2 – EF5 tornadoes,
severe wind, wind 65 knots or greater, all hail, and two-inch hail or greater (SPC-A,
2017). The probabilities are broken down as:
Low – less than a 2% to 20% chance for EF2 – EF5 tornadoes and less than a 5%
to 20% chance for all other categories.
Medium – 30% to 60% chance for all categories.
High – 70% to 95% or greater chance for all categories (SPC-A, 2017).
The SPC issues Particularly Dangerous Situation (PDS) tornado watches when
“long-lived intense tornadoes are likely” (SPC-A, 2017). PDS tornado watches are
uncommon but “three out of every four should verify with multiple intense tornadoes”
(SPC-B, 2017).
In addition to tornado watches, the SPC issues severe thunderstorm watches and
mesoscale discussions. Severe thunderstorm watches are issued “when conditions are
favorable for the development of severe thunderstorms over a larger-scale region.
Tornadoes are not expected in such situations, but isolated tornado development cannot
be ruled out” (NWS, 2017). “Mesoscale discussions focus on severe thunderstorm
potential over the continental U.S. for the next 6 hours with an emphasis on the first 1-3
hours” (SPC-B, 2017).
Tornado warnings are issued by local National Weather Service (NWS) offices
based on their County Warning Area (CWA) “when there is evidence based on radar or a
reliable spotter report that a tornado is imminent or occurring” (NWS, 2017). Tornado
2

warnings are issued to inform emergency personnel and the general public of the
immediate dangers and to advise seeking shelter promptly. Tornado warnings cover a
much smaller geographic region and are typically only valid for minutes rather than hours
compared to tornado watches. Severe thunderstorm warnings are issued “when there is
evidence based on radar or a reliable spotter report that a thunderstorm is producing, or
about to produce, wind gusts of 58 mph or greater, structural wind damage, and/or hail 1
inch in diameter or greater” (NWS, 2017).
The concept of tornado safety dates back to the late 1800s, with Sargent John P.
Finley of the U.S. Signal Corps pioneering the field. In the 1880s, Finley researched
tornadoes and the environments within which they occurred (Bradford, 1999, Coleman et
al., 2011, Galway, 1985). Finley began issuing ‘tornado alerts’ using his observations.
His ‘tornado alerts’ were issued on large spatial and temporal scales (Coleman et al.,
2011). Edward S. Holden expanded on Finley’s research and developed a local tornado
warning system. His system consisted of telegraph wires located on the southwest side of
town that would break in high winds, triggering alarm bells and a canon. (Coleman et al.,
2011). The work of Finley and Holden sparked controversy throughout the scientific
community; many scientists believed that tornado warnings would cause panic and more
problems than benefits (Coleman et al., 2011, Galway, 1996). Due to these concerns,
forecasting and warning for tornadoes was not permitted in the U.S. Weather Bureau
(USWB) until 1890. The word ‘tornado’ was banned by the USWB from official
statements (Coleman et al., 2011, Galway, 1985, Schaefer, 1986). By 1938, the word
‘tornado’ could be used in warnings, but not forecasts (Coleman et al., 2011, Doswell et
al., 1993). The foresting ban on ‘tornado’ was eventually lifted after Major E. J. Fawbush
3

and Captain R. C. Miller successfully forecasted a tornado at Tinker Air Force Base
(AFB) in Oklahoma City, Oklahoma (Coleman et al., 2011, Doswell et al., 1993, Maddox
and Crisp, 1999). Fawbush and Miller issued a short-term forecast on 25 March 1948.
Their forecast contained a warning for Tinker AFB, allowing time for personnel to seek
shelter and implement a tornado plan. Tinker AFB was hit by a tornado, verifying the
warning. This accurate forecast effectively began the “modern era of tornado warnings”
(Coleman et al., 2011, Maddox and Crisp, 1999, Newton et al., 1978). On 12 July 1950,
the USWB removed the ban of ‘tornado’ forecasting (Coleman et al., 2001).
Weather radar and storm spotter networks were developed in early 1940s and the
early 1950s, respectively. These new networks were used by the military and the USWB
(Coleman et al., 2011, Doswell et al. 1999, Galway, 1992), and were expanded in the
1950s with the goal of protecting the public (Coleman et al., 2011, Doswell et al., 1999).
On 11 May 1953 a tornado hit Waco, Texas, and 111 people were killed (Coleman et al.,
2011, Winston, 1953). A radar at Texas A&M University detected a hook echo associated
with the storm (Coleman et al., 2011, Kahan, 1953, Whiton et al., 1998). Increased
communication between Texas A&M, the USWB, and the public could have prompted
tornado warnings, which could have saved lives (Coleman et al., 2011, Kahan, 1953). In
1953, several tornado warning conferences were held in Texas to discuss how to improve
communication between the USWB and public officials, as well as the use of radar to
detect possible tornadoes. (Coleman et al., 2011, Kahan 1953, Whiton et al., 1998). These
meetings are credited for many current NWS operations (Coleman et al., 2011).
In 1952, the Severe Local Storms (SELS), a branch of the USWB, began issuing
tornado forecasts. These tornado forecasts were issued for large areas, up to 100,000
4

square kilometers (km2) (38,610 square miles (mi2)), when atmospheric environments
were conducive for tornado development (Coleman et al., 2011). In 1965, ‘tornado
watch’ replaced the term ‘tornado forecast’ and ‘tornado warnings’ were officially
accepted by the USWB. Tornado warnings were designed to provide the public with short
term, small area (county-based) forecasts (Coleman et al., 2011).
In March 1991, the first Weather Surveillance Radar-1988 Doppler (WSR-88D)
system became operational in Norman, Oklahoma. By April 1992, five additional NWS
offices were using the WSR-88D system. These offices included Melbourne, Florida,
Sterling, Virginia, St. Louis, Missouri, Dodge City, Kansas, and Houston, Texas (Polger
et al., 1994). Implementing the WSR-88D was one of the main steps of the NWS’s
modernization and associated reconstruction (MAR). The goal of the NWS, in using
these new radars, was to improve the quality and reliability of their products, as well as
lead times and warning accuracy (Polger et al., 1994). The WSR-88D had improved
sensitivity and resolution, automatic volume scanning, and enhanced capabilities (such as
detection of cold fronts, gust fronts, and drylines) when compared to the older WSR-57
and the WSR-74. The WSR-88D also has the Doppler component, which can detect
velocity and spectrum width data (Polger et al., 1994). The WSR-88D has now been
installed at 121 NWS offices (Simmons and Sutter, 2005). Tornado warning lead times
and probability of detection (POD) increased after the installation of the WSR-88D
(Simmons and Sutter, 2005, Bieringer and Ray, 1996). Prior to the installation of the
WSR-88D, only 35% of all tornadoes were associated with a corresponding tornado
warning. After the WSR-88D was installed and operational, 65% of all tornadoes were

5

linked to a tornado warning. Additionally, injuries and deaths decreased by 40% and
45%, respectively, after the installation of the WSR-88D (Simmons and Sutter, 2005).
The evolution of tornado warnings and tornado watches have been significant
over the last half century. The primary goal of tornado watches and tornado warnings is
to inform the public about the potential or immediate dangers of severe weather. During
the 1950s and 1960s, the public was informed about tornado warnings through television
and radio stations (Coleman et al., 2011). It was not until around 1970 that ‘air raid’
sirens were also used to disseminate warnings. After the devastating Super Outbreak of
1974, the National Oceanic and Atmospheric Administration (NOAA) implemented
NOAA Weather Radios, which allow people to receive severe weather alerts in their
homes. (Coleman et al., 2011; NOAA, 1999). Even though several warnings were issued
during the outbreak, the public was not receiving the warnings efficiently, if at all
(NOAA, 1999). The Super Outbreak of 1974 was one of the worst tornado outbreaks to
ever impact the United States. During a 16-hour period on April 3 – 4, 1974, 148
tornadoes occurred across 13 states from the Great Lakes to the Gulf Coast. The outbreak
left 330 people dead and 5,484 injured (NWS, 2014). With new dissemination
technology, tornado warnings and tornado watches can now be received through several
outlets including NOAA Weather Radios, the NWS, broadcast meteorologists,
emergency managers, radio stations, tornado sirens, social media, internet, and
smartphone apps.
Today, severe weather is often associated with watches, warnings, and mesoscale
discussions. Watches and mesoscale discussions are typically issued well in advance of
severe weather to inform emergency managers, NWS meteorologists, and the public that
6

the atmosphere is expected to be conducive for severe weather (Pearson and Weiss,
1979). Tornado watches tend to give local meteorologists at the NWS confidence to issue
tornado warnings when storms begin to develop (Keene et al., 2008, Hales, 1990).
A common tool for evaluating tornado forecasting accuracy is a 2 x 2 contingency
table, which compares tornadic events to forecasts (Doswell, 1990, Keene et al., 2008,
Schaefer, 1990). A hit is assigned to the event if a tornado was reported and a tornado
warning was in effect. A miss is assigned to the event if a tornado was reported, but a
tornado warning was not in effect. A false alarm is assigned to the event if a tornado
warning was in effect, but no tornado was reported. The final category of the contingency
table is known as the correct null, which means that neither a warning nor a tornado
occurred. Data from the contingency table can be used to calculate probability of
detection (POD), false alarm ratio (FAR), critical success index (CSI), success ratio (SR),
and Bias, all of which produce a ratio value between 0 and 1. The POD is calculated by
dividing the number of hits by the total number of hits and misses. The FAR is calculated
by dividing the number of false alarms by the total number of false alarms and hits
(Doswell, 1990, Keene et al., 2008, Schaefer, 1990).
Keene et al. (2008) examined warning performance in relation to tornado watches
for 15,393 tornadic events from 1997 to 2007. This study found that the POD was higher
with an issued tornado watch than with a severe thunderstorm watch or no watch at all.
In fact, POD values increased by 0.132 and 0.327, respectively. The FAR decreased
slightly, by 0.081, when a tornado watch was in place compared to no watch. The overall
POD increased slightly from 1997 to 2007, but the FAR remained consistent. The POD
drastically increases for tornado warned storms when a tornado watch is in effect (Keene
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et al., 2008). Additionally, the study determined that a 20-year improvement of tornado
warning performance can be seen when a tornado watch is in effect compared to having
no tornado watch in effect. In the 11-year dataset, a violent tornado was never missed
when a tornado watch was in effect. The average lead time for all tornado warnings
increased from 6.22 minutes when no watch was in effect to 10.61 minutes when a severe
thunderstorm watch was in effect and to 14.75 minutes when a tornado watch had been
issued (Keene at al., 2008).
While the increase in warning lead time is in line with NWS goals, that increase
does not directly prevent fatalities. Simmons and Sutter (2008) found that fatalities
actually increase when lead times are greater than 15 minutes compared to no warning.
Stronger tornadoes have a longer lead time than weaker tornadoes. Lead times of 15
minutes or less decrease the number of fatalities, and the greatest decrease in expected
fatalities occurred with a lead time of 6 – 10 minutes. However, the longer lead times did
prevent the number of injuries from being so high. Of the more than 18,000 tornadoes in
the dataset, only 20% of the tornadoes had warning lead times greater than 15 minutes.
Tornado warning lead times of 16 minutes or greater increased from 13.4% to 31.8% in
1986 and 2002, respectively (Simmons and Sutter, 2008).
Pearson and Weiss (1979), Hales (1990), Leftwich and Anthony (1990), Anthony
and Leftwich (1992), Schaefer (2000), Dean et al. (2006), and Dean and Schaefer (2006)
calculated the accuracy of tornado watches across the contiguous United States for a
variety of time periods. Pearson and Weiss (1979) analyzed the accuracy of tornado
watches for an 11-year period from 1967 – 1977. During this time, the accuracy of
tornado watches increased from 30% to over 40%. When an outbreak occurred, tornado
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watch accuracy increased to 66%, on average (Pearson and Weiss, 1979). A tornado
outbreak was defined as “10 or more tornadoes occurring in an organized temporal and
spatial manner” (Pearson and Weiss, 1979). Tornadoes occurring during outbreaks were
responsible for around 70% of all tornado deaths. Even though tornado watch accuracy
improved, the area of tornado watches increased from around 25,000 mi2 in 1967 to
around 29,500 mi2 in 1977. In this study, POD was used to determine the percentage of
tornadoes that occurred inside a tornado watch. From 1967 – 1977, only a slight
increasing trend could be observed. The lowest POD occurred in 1970 with only 20% of
the tornadoes occurring inside a tornado watch. The highest POD occurred in 1974 with
35% (Pearson and Weiss, 1979).
Hales (1990) found that more than 80% of all significant tornadoes (killer
tornadoes as well as those rated F3 or higher on the Fujita scale) occurred within or near
a tornado watch, while only 40% of all tornadoes occurred within or near a tornado
watch. A tornado was considered within or close to a tornado watch if the tornado was
within 22 miles of the watch and/or within 60 minutes of the expiration time (Hales,
1990). Hales (1990) found that a killer tornado had twice the likelihood of occurring
within a watch than a non-killer tornado. For nearly two-thirds of the killer tornadoes, a
tornado watch was in effect for two or more hours before a killer tornado occurred
(Hales. 1990).
Leftwich and Anthony (1990) analyzed tornado watches for 1989 as well as
trends from 1980 – 1989. In 1989, tornado watches had an accuracy of 47%. During 1980
– 1989, violent tornadoes had a higher POD than weak tornadoes with 0.91 and 0.54,
respectively (Leftwich and Anthony, 1990). The POD for all tornadoes during 1989 was
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0.57 and 0.72 for strong and violent tornadoes. Strong and violent tornadoes were
responsible for 82% of tornado related fatalities (Leftwich and Anthony, 1990). From
1980 – 1989, an overall trend was not identified for the accuracy of tornado watches or
the POD of tornadoes. 1984 had the highest accuracy of tornado watches with around
52% (Leftwich and Anthony, 1990).
Anthony and Leftwich (1992) examined the accuracy of tornado watches and
severe thunderstorm watches for a 24-year period from 1967 – 1990, an extension of
Pearson and Weiss (1979). The accuracy of tornado watches decreased slightly from
1967 to 1969, but increased from 1970 – 1984. During this period, the accuracy increased
from 30% to 53%. From 1985 – 1987, the accuracy decreased from 53% to 36%, but
returned to above 50% by 1990. The average POD for reported tornadoes from 1967 –
1990 was 32%. Similar to Pearson and Weiss (1979), tornado watches issued during
outbreaks were significantly more accurate. Form 1967 – 1990, tornado watches issued
during outbreaks had an accuracy greater than 70%, on average. Similar to Leftwich and
Anthony (1990), strong and violent tornadoes had a higher POD, 0.70, than weak
tornadoes (Anthony and Leftwich, 1992). Projection times for tornado watches were also
analyzed. “The projection time (PT) is defined as the interval between watch issue time
and the time of the first severe storm report within the watch area” (Anthony and
Leftwich, 1992). From 1981 – 1990, the average PT for tornado watches was around two
hours (Anthony and Leftwich, 1992).
Schaefer (2000) analyzed the accuracy of tornado watches for a 31-year period
from 1970 – 2000. This study analyzed the accuracy of tornado watches, lead times
(same as projection time (Anthony and Leftwich, 1992)), median watch area, POD for all
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tornadoes occurring inside a tornado watch, and POD for F2 – F5 tornadoes occurring
inside a tornado watch (Schaefer, 2000). From 1970 – 2000, an increasing trend was
observed in the accuracy of tornado watches, the POD for all tornadoes, and the POD for
F2 – F5 tornadoes (Schaefer, 2000). 1970 had the lowest accuracy of tornado watches,
while 1996 had the highest accuracy with 21% and 61%, respectively. 1970 had the
lowest POD for all tornadoes with 31% and the highest POD occurred in 1999 with 64%.
1970 had lowest POD for F2 – F5 tornadoes with 28% and 1999 had the highest POD
with 89%. Lead times did not change much over the 31 period. 1975 and 1999 had the
shortest lead times at 1 hour and 56 minutes and 1985 had the longest lead times at 2
hours and 36 minutes.
Dean and Schaefer (2006) and Dean et al. (2006) analyzed the accuracy of
watches for a 35-year period from 1970 – 2004. Clustered storm reports were used to
analyze watches. Unlike previous studies (Pearson and Weiss, 1979, Hales, 1990,
Leftwich and Anthony, 1990, Anthony and Leftwich, 1992, Schaefer, 2000), not all
reports were used to calculate the accuracy of the watches (Dean and Schaefer, 2006,
Dean et al., 2006). Dean et al. (2006) stated that “reports that are isolated are not
necessarily expected to be in a watch, since issuing watches when there is a threat for
only very isolated severe convection will likely result in numerous false alarms.” An
event was considered clustered if two or more events occurred within 8,000 mi2 and
within 2 hours of each other (Dean and Schaefer, 2006, Dean et al, 2006). Clustered
tornado reports had a higher POD than for all tornadoes. From 1970 – 2004, a slight
increasing trend occurred in the accuracy of tornado watches with at least two tornado
reports (Dean et al., 2006).
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Over the last 40 years, tornado watch accuracy has been analyzed across the
contiguous United States (Pearson and Weiss, 1979, Hales, 1990, Leftwich and Anthony,
1990, Anthony and Leftwich, 1992, Schaefer, 2000, Dean et al., 2006, and Dean and
Schaefer, 2006). To the author’s knowledge, there has been minimal, if any, assessment
on the accuracy of tornado watches since the early 2000s. The objective of this work was
to determine the accuracy of tornado watches across the contiguous United States from
2007 – 2015. Data prior to 2007 were not analyzed due to the advent of the EF tornado
rating scale in 2007. In addition to accuracy, fatalities, lead times and valid times were
calculated for each tornado watch. This study demonstrates the difficulty of accurately
forecasting tornadoes, both spatially and temporally, as well as the significance of
preparedness and mitigation strategies.
1.2
1.2.1

Methods
Tornado watch accuracy
All tornado tracks from the severe report database (SVR) 2007 – 2015 were

extracted into Geographic Information Systems (GIS) as annual shapefiles dating back to
1950. Each shapefile contains information about the tornadoes including date, time,
location, strength, injuries, fatalities, starting and ending latitude, starting and ending
longitude, length in miles, and width in yards. Tornado tracks were generated by
connecting the beginning and ending latitude and longitude with a line. Tornado track
data were used, instead of touchdown points, in order to better assess the tornadoes
proximity to a watch polygon during its lifecycle. All data from the severe report
database were prepared using the USA Contiguous Lambert Conformal Conic projection
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with North American Datum 1983. State, county, and tornado watch shapefiles were
prepared in the same projection and datum.
Tornado watch data from 2007 – 2015 were obtained from the SPC Severe
Weather Events Archive page. This page contains information about all severe weather
events dating back to 3 January 2000. Every entry that is classified as a severe weather
day contains information about the events of the day, including storm reports,
observations and mesoanalysis, skew-t/log-p charts, outlooks, mesoscale discussions,
watches, and public outlooks. Tornado watch polygons were generated by importing the
four latitude and longitude points of each tornado watch from the SPC Severe Weather
Events Archive into GIS. Geospatial Modeling Environment (GME) was used to connect
the four points of each tornado watch. GME converts points to polygons by using a
unique ID field and an order field. The unique ID field refers to the tornado watch being
generated. Each of the four latitude and longitude points for a given watch were given the
same unique ID field. The unique ID field corresponds to the tornado watch number. The
order field refers to the order that the four latitude and longitude points of the tornado
watch were connected. Each of the four points of the tornado watch were given an order
field value ranging from 1 to 4. The GME generates the polygon by connecting point 1 to
2, 2 to 3, 3 to 4, and 4 to 1. The unique ID field and the order field guarantees that the
points of each polygon will be connected in the correct order. If all four points were not
given the correct unique ID field and/or the order field was not correct, the tornado watch
polygon was not generated. Table 1.1 shows the speadsheet used to generate some of the
tornado watch polygons from 2015. ‘U’ and ‘O’ refer to the unique ID field and the order
field, respectively. Once all the tornado watch polygons for each year were regenerated
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using GME, the polygons were exported as shapefiles. Additionally, all of the tornado
tracks and the tornado watch polygons for each year, 2007 – 2015, were imported into
GIS (Figure 1.1).
Table 1.1

2015 tornado watch polygon data

Latitude Longitude U
O
Watch
33.13
-88.01
1
1 Watch001
29.04
-90.18
1
2 Watch001
29.04
-92.33
1
3 Watch001
33.13
-90.26
1
4 Watch001
34.29
-86.94
2
1 Watch002
32.34
-87.36
2
2 Watch002
32.34
-88.73
2
3 Watch002
34.29
-88.34
2
4 Watch002
29.62
-84.84
3
1 Watch003
33.43
-81.33
3
2 Watch003
33.43
-79.25
3
3 Watch003
29.62
-82.84
3
4 Watch003
29.62
-85.55
4
1 Watch004
30.96
-84.66
4
2 Watch004
30.96
-82.98
4
3 Watch004
29.62
-83.88
4
4 Watch004
A portion of the 2015 tornado watch polygon data used to generate tornado watch
polygons in GME.
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Figure 1.1

2015 tornado tracks and tornado watch

All tornado tracks (1177) and tornado watches (213) from 2015.
To calculate the accuracy of the tornado watches, each year was analyzed
separately and as a nine-year total. The accuracy was calculated by determining if each
watch was a ‘hit’ or a ‘miss.’ A ‘hit’ was defined as at least one tornado occurring inside
the watch during the valid time frame (Anthony and Leftwich, 1992, Hales, 1990,
Leftwich and Anthony, 1990, Pearson and Weiss, 1979, Schaefer, 2000). If any portion
of the tornado track occurred inside the tornado watch polygon, then the watch was
considered a ‘hit.’ A ‘miss’ was defined as at least one tornado occurring outside the
watch, up to 161 km (100 mi), and within the valid time frame. ‘No watch’ was defined
as a tornado that occurred when no tornado watch was in effect. Each tornado watch
polygon was classified as a ‘hit’ or a ‘miss.’ A watch could be considered both a ‘hit’ and
a ‘miss’ if at least one tornado occurred inside the watch and outside the watch during the
15

valid time frame (Figure 1.2). It should be noted that a tornado could occur inside or
outside multiple watches. One tornado could occur inside two or more watches if two or
more watches overlapped (Figure 1.3). One tornado could occur outside two or more
watches if two or more watches were less than 161 km from the tornado. A tornado that
occurred inside a tornado watch could not be outside a tornado watch as well.
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Figure 1.2

Tornado watch accuracy flow chart

A flowchart showing how a tornado watch is considered a ‘hit’ and/or ‘miss’ and the
breakdown of the number and strength of tornadoes occurring inside and outside each
tornado watch.
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Figure 1.3

Tornado track inside two tornado watches

An example of a tornado occurring inside two tornado watches during the valid time
frame.
A breakdown of the tornadoes occurring inside and outside each tornado watch
was recorded based on the tornado feature ID (FID) from the SRVGIS database page
(Table 1.2). A breakdown of the strength of each tornado inside (Table 1.3) and outside
(Table 1.4) of each tornado watch was recorded. In 2015, Tornado Watch 059 had six
tornadoes occur inside the tornado watch and two tornadoes occur outside the tornado
watch (Table 1.2). Based on this, Tornado Watch 059 was classified as both a ‘hit’ and a
‘miss.’ Six tornadoes rated EF0 occurred inside the tornado watch polygon (Table 1.3),
while two tornadoes rated EF0 occurred outside the tornado watch polygon (Table 1.4).
The FID number and strength of the tornadoes occurring with ‘no watch’ was also
recorded (Table 1.5).
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Table 1.2

Tornadoes inside and outside each watch

Watch Number
FID Inside
FID Outside
Watch 001
0, 1, 2, 3, 4, 5, 7, 8, 11
9
Watch 002
6, 7, 8, 10, 11, 12, 13
9
Watch 003
23, 24
20, 21, 22
Watch 004
Watch 017
43, 44, 45, 46, 48, 49, 50, 51, 52, 54
53
Watch 020
Watch 022
56
Watch 023
56
57, 58, 59
Watch 036
71, 73, 75
70, 72, 74
Watch 037
Watch 039
77, 79, 80
76
Watch 041
80, 81, 83, 84, 86, 88, 89, 91
Watch 043
82, 85, 87
Watch 046
90, 93Watch 048
Watch 050
93, 94
Watch 052
Watch 059
107, 108, 109, 110, 112, 113
111, 114
A breakdown of the tornadoes that occurred inside and outside each tornado watch
polygon in 2015.
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Table 1.3
Watch Number
Watch 001
Watch 002
Watch 003
Watch 004
Watch 017
Watch 020
Watch 022
Watch 023
Watch 036
Watch 037
Watch 039
Watch 041
Watch 043
Watch 046
Watch 048
Watch 050
Watch 052
Watch 059

Strength of tornadoes inside each tornado watch
EF0
0
6, 10, 12, 13

EF1
1, 2, 4, 5, 7, 8, 11
7, 8, 11
23, 24

EF2
3

43, 44, 45, 46, 48, 49

50, 51, 52

54

77, 79, 80
80, 86, 89, 91
85, 87

82

EF3

EF4

EF5

56
56
71, 73, 75
81, 84, 88
90, 93

83

93, 94
107, 108, 109, 110, 112, 113

A breakdown of the strength of tornadoes that occurred outside each tornado watch
polygon during 2015. The numbers in each of the six EF-rating columns corresponds to
the FID number from the SVRGIS database.
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Table 1.4

Strength of tornadoes outside each tornado watch

Watch Number
EF0
EF1
EF2 EF3 EF4 EF5
Watch 001
9
Watch 002
9
Watch 003
20
21, 22
Watch 004
Watch 017
53
Watch 020
Watch 022
Watch 023
57
58, 59
Watch 036
70, 72, 74
Watch 037
Watch 039
76
Watch 041
Watch 043
Watch 046
Watch 048
Watch 050
Watch 052
Watch 059
111, 114
A breakdown of the strength of tornadoes that occurred outside each tornado watch
polygon during 2015. The numbers in each of the six EF-rating columns corresponds to
the FID number from the SVRGIS database.
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Table 1.5

Tornadoes with no tornado watch in effect
FID

EF Scale

14
2
15
0
16
0
17
0
18
1
19
0
25
1
26
0
27
0
28
1
29
0
30
0
31
0
32
2
33
1
34
0
35
0
36
0
A breakdown of the strength of tornadoes that occurred when no tornado watch was in
effect during 2015.
The POD for tornadoes was calculated separately for each year and as a nine-year
total, similar to Pearson and Weiss (1979), Hales (1990), Leftwich and Anthony (1990),
Anthony and Leftwich (1992), Schaefer (2000), Dean et al. (2006), and Dean and
Schaefer (2006). The POD was calculated by dividing the number of hits by the total
number of hits and misses. (Doswell, 1990, Keene et al., 2008, Schaefer, 1990). If any
portion of the tornado track occurred inside a tornado watch polygon during the valid
time frame, then the tornado was considered a ‘hit’. A ‘miss’ was defined as any tornado
track that did not occur inside a tornado watch. The POD was calculated for all tornadoes
and separately for EF0 – EF5 tornadoes.
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1.2.2

Valid watch times and lead times
Valid watch times for each tornado watch from 2007 – 2015 were obtained from

the SPC Severe Weather Events Archive page. Each tornado watch was assigned a valid
time frame based on the timing, uncertainty, duration, and severity of the event. Valid
watch times were calculated by analyzing the starting and ending times for each tornado
watch. Valid watches times were calculated from the initial tornado watch issuance; early
cancellations were not taken into consideration.
Lead times were calculated for each tornado watch by comparing the time of the
first tornado to the start time of each tornado watch (Anthony and Leftwich, 1992,
Schaefer, 2000). Lead times were not calculated for tornado watches with no tornadoes.
All tornado track data obtained from the SRVGIS database page were pre-converted to
Central Standard Time (CST). To accurately calculate lead times, the valid beginning and
ending times for each tornado watch were converted to CST. For example, Tornado
Watch 078 was issued on 15 April 2015 for portions of Alabama, Florida, and Georgia
and was valid from 7:55 a.m. until 3:00 p.m. Eastern Daylight Time (EDT). After the
conversion, Tornado Watch 078 was valid from 5:55 a.m. until 1:00 p.m. CST and could
be used to calculate lead times. Lead times were calculated for the first tornado occurring
inside (Table 1.6) and/or outside (Table 1.7) a tornado watch.
Table 1.6

Calculating tornado watch lead time for first tornado inside tornado watch

Watch

Watch Start Date FID First Tornado Inside
and Time
Watch Start Date and
Time
Tornado Watch 001 3 January 2015
9
3 January 2015 2:05
11:05 a.m. CST
p.m. CST
23

Lead Time
3 hours

Table 1.7

Calculating tornado watch lead time for first tornado outside tornado watch

Watch

Watch Start Date FID First Tornado Outside
and Time
Watch Start Date and
Time
Tornado Watch 001 3 January 2015
9
3 January 2015 4:52
11:05 a.m. CST
p.m. CST

1.2.3

Lead Time
5 hours and 47
minutes

Tornado track area and tornado watch area
The area of each tornado track and tornado watch was calculated for each year.

The area of each tornado track was calculated using Microsoft Excel. The area of each
tornado track was calculated by multiplying the length of tornado by the width. The
SRVGIS database page provides data for each tornado, including length in miles and
width and yards. Prior to calculating the area, the width of each tornado track was
converted from yards to miles. It should be noted that the width of the tornado denotes
the maximum width achieved by the tornado and is not representative of the entire track.
The area of each tornado watch was calculated in GIS using the ‘Calculate Geometry’
tool. The total area of the tornado tracks was compared to the total area of the tornado
watches for each year and as a nine-year total.
1.2.4

Fatalities
Tornado related fatalities were analyzed to determine whether or not fatalities

occurred inside a tornado watch, outside a tornado watch, or when no tornado watch was
in effect. Fatality data were obtained from the SRVGIS database page. If a tornado
caused a fatality, the strength of the tornado was recorded and whether or not the tornado
occurred inside a tornado watch during the valid time frame. Fatalities were analyzed for
each year and for the nine-year total.
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1.2.5

Tornado watch count by county
Tornado watch county maps were generated in GIS to determine the total number

of tornado watches occurring in each county for each year and for the nine-year total.
Tornado watch county maps were created by joining the tornado watch shapefile for each
year to the county shapefile. If any portion of a tornado watch polygon occurred within a
county, that county was counted as having a tornado watch. These maps were used to
determine where the greatest concentration of tornado watches occurred.
1.3

Results
During 2007 – 2015, a total of 2,359 tornado watches were issued by the SPC

with 10,840 confirmed tornadoes for the same period. 2008 had the greatest number of
tornadoes, tornado watches, and PDS tornado watches with 1,694, 405, and 22,
respectively (Table 1.8). Of the 10,840 confirmed tornadoes, 88.02% (9,541) were weak
(EF0 and EF1), 11.28% (1,223) were strong (EF2 and EF3), and 0.70% (76) were violent
(EF4 and EF5). 53.78% (5131) of the weak tornadoes, 76.78% (939) of the strong
tornadoes, and all of the violent tornadoes occurred inside a tornado watch. 9.88% (943)
of the weak tornadoes and 8.75% (107) of the strong tornadoes occurred outside a
tornado watch. 36.34% (3,467) of the weak tornadoes and 14.47% (177) of the strong
tornadoes occurred when there was no tornado watch in effect (Table 1.9). 89.02% (308)
of the 346 EF3 or stronger (EF3+) tornadoes occurred inside a tornado watch, an increase
from Hales (1990).
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Table 1.8

Yearly breakdown of confirmed tornadoes and tornado watches
Year
2007
2008
2009
2010
2011
2012
2013
2014
2015
Total

Table 1.9

Tornadoes
1,096
1,694
1,159
1,284
1,693
942
907
888
1,177
10,840

Tornado Watches
292
405
282
286
327
197
174
183
213
2,359

Location of all confirmed tornadoes to tornado watches from 2007 – 2015

Inside
Outside
No Watch
Total
EF0
3,030 (48.97%)
580 (9.38%)
2,577 (41.65%)
6,187
EF1
2,101 (62.64%) 363 (10.82%)
890 (26.54%)
3,354
EF2
707 (74.19%)
93 (9.76%)
153 (16.06%)
953
EF3
232 (85.93%)
14 (5.19%)
24 (8.89%)
270
EF4
67 (100%)
0 (0%)
0 (0%)
67
EF5
9 (100%)
0 (0%)
0 (0%)
9
Total
6,146 (56.70%) 1,050 (9.69%) 3,644 (33.62%)
10,840
Number of tornadoes, based on strength, occurring inside a tornado watch, outside a
tornado watch, and when no tornado watch was in effect.
Of the 2,359 tornado watches, 58.80% (1,387) had at least one tornado occur
inside the tornado watch. 2011 had the greatest percentage of tornado watches with at
least one tornado inside the tornado watch with 65.75%, followed by 2015 and 2014 with
61.50% and 61.20%, respectively. The lowest percentage, 51.42%, occurred in 2009
(Figure 1.4). Only 19.63% (463) of the 2,359 tornado watches had at least one EF2+
tornado occur inside the tornado watch. Of the 90 PDS tornado watches, 91.11% (82) had
at least one tornado inside the tornado watch and 72.22% (65) had at least one EF2+
tornado inside the tornado watch.
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27.43% (647) of the tornado watches had at least one tornado occur outside the
tornado watch. 2013 had the lowest percentage of tornado watches with at least one
tornado outside the tornado watch with 24.14%, followed by 2014 and 2007 with 24.59%
and 24.66%, respectively. The highest percentage, 35.21%, occurred in 2015 (Figure
1.4). 4.83% (114) of the tornado watches had at least one EF2+ tornado occur outside the
tornado watch. Of the 90 PDS tornado watches, 45.56% (41) had at least one tornado
outside the tornado watch and 11.11% (10) had at least one EF2+ tornado outside the
tornado watch.

Figure 1.4

Accuracy of tornado watches

Percent of tornado watches with at least one tornado inside and/or outside the watch.
For the 10,840 confirmed tornadoes during 2007 – 2015, the POD for a tornado
occurring inside a tornado watch, regardless of strength, was 0.57. The POD increased as
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the intensity of the tornadoes increased. Tornadoes rated EF0 had a POD of 0.49,
meaning less than half of the EF0 tornadoes occurred inside a tornado watch. Tornadoes
rated EF1, EF2, and EF3 had an increasing POD of 0.63, 0.74, and 0.84, respectively.
During the nine-year period, EF4 and EF5 tornadoes never occurred outside a tornado
watch, making their POD values 1. From 2007 - 2015, the greatest range in the annual
POD values occurred with EF1 and EF0 tornadoes with a range of 0.27 and 0.26,
respectively. EF2 and EF3 tornadoes had a POD range of 0.20 (Figure 1.5).

Figure 1.5

Probability of detection for tornadoes

Annual probability of detection for all 10,840 confirmed tornadoes based on strength.
The POD values indicate the probability that a tornado will occur inside a tornado watch.
For the 2,359 tornado watches issued by the SPC, the average valid time was 6
hours and 50 minutes. 2013 had the longest average valid time for a watch at 7 hours and
6 minutes, while 2009 had the shortest average valid time for a watch at 6 hours and 27
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minutes. On average, tornado watches were issued 2 hours and 8 minutes prior to the first
tornado, similar to the stated goal of the SPC (SPC-B, 2017).
During 2007 – 2015, the average area of the 2,359 tornado watches was 80,936.05
km2 (31,249.41 mi2), while the average area of the 10,840 tornadoes was 2.36 km2 (0.91
mi2). The total area of the tornado watches was 190,928,134 km2 (73,717,352.54 mi2),
while the total area of the tornadoes was 25,592.55 km2 (9,881.07 mi2). The 10,840
tornadoes covered an area of 0.013% of the 2,359 tornado watches. 2007 had the largest
average area for a tornado watch at 85,321.89 km2 (32,942.75 mi2), while 2012 had the
smallest area at 75,083.44 km2 (28,989.72 mi2) (Figure 1.6). 2011 had the largest average
area for a tornado at 4.47 km2 (1.73 mi2), while 2009 had the smallest area at 1.23 km2
(0.48 mi2) (Figure 1.7). The highest concentration of tornado watches occurred in
Mississippi, Alabama, Louisiana, and Arkansas. The greatest number of tornado watches,
144, occurred in Jones County, Mississippi followed by Choctaw County, Alabama,
Jefferson Davis County, Mississippi, and Marion County, Mississippi with 143 (Figure
1.8).
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Figure 1.6

Annual average tornado watch area

Figure 1.7

Annual average tornado track area
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Figure 1.8

Count of 2007 – 2015 tornado watches by county

Total number of tornado watches per county from 2007 – 2015.
During 2007 – 2015, 1,034 fatalities occurred from 216 tornadoes. Nine hundred
and sixty-eight (93.62%) fatalities occurred inside a tornado watch, 18 (1.74%) occurred
outside a tornado watch, and 48 (4.64%) occurred when there was no tornado watch in
effect. Six hundred and sixty-seven (64.51%) of the 1,034 fatalities were caused by
violent tornadoes, 337 (32.59%) were caused by strong tornadoes, and 30 (2.90%) were
caused by weak tornadoes. Even though an increasing trend in the accuracy of tornado
watches has occurred over the last 45 years, fatalities are still prevalent.
1.3.1

2007
In 2007, 1,096 tornadoes were confirmed and 292 tornado watches were issued by

the SPC for the same period. Of the 1,096 tornadoes, 88.78% (973) were weak, 10.77%
(118) were strong, and 0.46% (five) were violent. 51.08% (497) of the weak tornadoes,
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79.66% (94) of the strong tornadoes, and all of the violent tornadoes occurred inside a
tornado watch. 0.08% (82) of the weak tornadoes and 0.04% (five) of the strong
tornadoes occurred outside a tornado watch. 41% (394) of the weak tornadoes and
16.10% (19) of the strong tornadoes occurred when there was no tornado watch in effect
(Table 1.10). For the 1,096 confirmed tornadoes, the POD for a tornado occurring inside
a tornado watch was 0.54 (Figure 1.9).
Table 1.10

Location of all confirmed tornadoes to tornado watches during 2007

2007
Inside
Outside
No Watch
Total
EF-0 310 (45.99%)
52 (7.72%)
312 (46.29%)
674
EF-1 187 (62.54%) 30 (10.03%)
82 (27.43%)
299
EF-2
73 (80.22%)
4 (4.40%)
14 (15.39%)
91
EF-3
21 (77.78%)
1 (3.70%)
5 (18.52%)
27
EF-4
4 (100%)
0 (0%)
0 (0%)
4
EF-5
1 (100%)
0 (0%)
0 (0%)
1
Total 596 (54.38%)
87 (7.94%)
413 (37.68%) 1096
Number of tornadoes, based on strength, occurring inside a tornado watch, outside a
tornado watch, and when no tornado watch was in effect during 2007.

Figure 1.9

Probability of detection for tornadoes during 2007
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Of the 292 tornado watches, 53.43% (156) had at least one tornado occur inside
the tornado watch and 24.66% (72) had at least one tornado occur outside the tornado
watch. 14.73% (43) of the tornado watches had at least one EF2+ tornado inside the
tornado watch and 3.08% (9) had at least one EF2+ tornado outside the tornado watch.
5.48% (16) of the 292 tornado watches were PDS tornado watches. 87.5% (14) of the
PDS tornado watches had at least one tornado occur inside the tornado watch. These 14
PDS tornado watches contained 173 (77 EF0s, 54 EF1s, 31 EF2s, nine EF3s, and two
EF4s) tornadoes. 31.25% (five) of the 16 PDS tornado watches had at least one tornado
occur outside the tornado watch. These five PDS tornado watches contained seven (four
EF0s, one EF1, one EF2, and one EF3) tornadoes. 68.75% (11) of the 16 PDS tornado
watches had at least one EF2+ tornado inside the tornado watch and 31.25% (two) had at
least one EF2+ tornado outside the tornado watch.
In 2007, the average area of the 292 tornado watches was 85,321.80 square
kilometers (km2) (32,942.75 square miles) (mi2), while the average area of the 1,096
tornadoes was 1.85 km2 (0.72 mi2). The total area of the tornado watches was 24,913,966
km2 (9,619,282.27 mi2), while the total area of the tornadoes was 2,029.55 km2 (783.61
mi2). The 1,096 tornadoes covered an area of 0.008% of the 292 tornado watches. The
highest number of tornado watches, 20, occurred in Hodgeman County, Kansas, Jefferson
County, Oklahoma, and Clay County, Texas in 2007 (Figure 1.10).
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Figure 1.10

2007 tornado watch county count map

Total number of tornado watches per county during 2007.
The average time frame for a tornado watch in 2007 was 7 hours. Tornado Watch
740 had the shortest valid time frame at 2 hours and 45 minutes, while Tornado Watch
232 had the longest valid time frame at 12 hours and 5 minutes. On average, each tornado
watch was issued 1 hour and 56 minutes prior to the first tornado. A tornado occurring
inside a tornado watch had a lead time of 1 hour and 57 minutes, while a tornado
occurring outside a tornado watch had a lead time of 3 hours and 6 minutes.
In 2007, 81 fatalities occurred from 26 tornadoes. Fifty-eight of the fatalities
occurred inside a tornado watch, two occurred outside a tornado watch, and 21 occurred
when no tornado watch was in effect. Of the 81 fatalities, four were from weak (three
EF1s) tornadoes, 55 were from strong (nine EF2s and 10 EF3s) tornadoes, and 22 were
from violent (three EF4s and one EF5) tornadoes.
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1.3.2

2008
In 2008, 1,694 tornadoes were confirmed and 405 tornado watches were issued by

the SPC for the same period. Of the 1,694 tornadoes, 87.60% (1,484) were weak, 11.81%
(200) were strong, and 0.59% (10) were violent. 63.48% (942) of the weak tornadoes,
81% (162) of the strong tornadoes, and all of the violent tornadoes occurred inside a
tornado watch. 10.58% (157) of the weak tornadoes and 10% (20) of the strong tornadoes
occurred outside a tornado watch. 25.94% (385) of the weak tornadoes and 9% (18) of
the strong tornadoes occurred when there was no tornado watch in effect (Table 1.11).
For the 1,694 confirmed tornadoes, the POD for a tornado occurring inside a tornado
watch was 0.66 (Figure 1.11).
Table 1.11

Location of all confirmed tornadoes to tornado watches during 2008

2008
Inside
Outside
No Watch
Total
EF0
601 (61.02%)
88 (8.93%)
296 (30.05%)
985
EF1
341 (68.34%)
69 (13.83%)
89 (17.84%)
499
EF2
119 (78.81%)
19 (12.58%)
13 (8.61%)
151
EF3
43 (87.76%)
1 (2.04%)
5 (10.20%)
49
EF4
9 (100%)
0 (0%)
0 (0%)
9
EF5
1 (100%)
0 (0%)
0 (0%)
1
Total 1114 (65.76%) 177 (10.45%) 403 (23.79%) 1694
Number of tornadoes, based on strength, occurring inside a tornado watch, outside a
tornado watch, and when no tornado watch was in effect during 2008.
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Figure 1.11

Probability of detection for tornadoes during 2008

Of the 405 tornado watches, 60% (243) had at least one tornado occur inside the
tornado watch and 26.67% (108) had at least one tornado occur outside the tornado
watch. 20.25% (82) of the tornado watches had at least one EF2+ tornado inside the
tornado watch and 3.46% (14) had at least one EF2+ tornado outside the tornado watch.
5.43% (22) of the 405 tornado watches were PDS tornado watches. All of the PDS
tornado watches had at least one tornado occur inside the tornado watch. These 22 PDS
tornado watches contained 276 (135 EF0s, 92 EF1s, 26 EF2s, 18 EF3s, four EF4s and 1
EF0) tornadoes. 45.46% (10) of the 16 PDS tornado watches had at least one tornado
occur outside the tornado watch. These 10 PDS tornado watches contained 22 (11 EF0s,
eight EF1s, and three EF2s) tornadoes. 72.73% (16) of the 22 PDS tornado watches had
at least one EF2+ tornado inside the tornado watch and 9.09% (two) had at least one
EF2+ tornado outside the tornado watch.
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In 2008, the average area of the 405 tornado watches was 83,473.33 km2
(32,229.05 mi2), while the average area of the 1,694 tornadoes was 2.38 km2 (0.92 mi2).
The total area of the tornado watches was 33,806,699 km2 (13,052,766.48 mi2), while the
total area of the tornadoes was 4,032.06 km2 (1,556.78 mi2). The 1,694 tornadoes
covered an area of 0.011% of the 405 tornado watches. The highest number of tornado
watches, 35, occurred in Concordia Parish, Louisiana, Adams County, Mississippi, and
Wilkinson County, Mississippi in 2008 (Figure 1.12).

Figure 1.12

2008 tornado watch county count map

Total number of tornado watches per county during 2008.
The average time frame for a tornado watch in 2008 was 6 hours and 49 minutes.
Tornado Watch 026 and Tornado Watch 174 had the shortest valid time frame at 2 hours
and 10 minutes, while Tornado Watch 900 had the longest valid time frame at 14 hours
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and 5 minutes. On average, each tornado watch was issued 2 hours and 36 minutes prior
to the first tornado. A tornado occurring inside a tornado watch had a lead time of 2
hours, while a tornado occurring outside a tornado watch had a lead time of 3 hours and
12 minutes.
In 2008, 126 fatalities occurred from 37 tornadoes. One hundred and sixteen of
the fatalities occurred inside a tornado watch, one occurred outside a tornado watch, and
9 occurred when no tornado watch was in effect. Of the 126 fatalities, four were from
weak (four EF1s) tornadoes, 71 were from strong (13 EF2s and 14 EF3s) tornadoes, and
51 were from violent (five EF4s and one EF5s) tornadoes.
1.3.3

2009
In 2009, 1,159 tornadoes were confirmed and 282 tornado watches were issued by

the SPC for the same period. Of the 1,159 tornadoes, 90.85% (1,053) were weak, 8.97%
(104) were strong, and 0.17% (two) were violent. 32.76% (345) of the weak tornadoes,
65.39% (68) of the strong tornadoes, and all of the violent tornadoes occurred inside a
tornado watch. 10.64% (122) of the weak tornadoes and 12.5% (13) of the strong
tornadoes occurred outside a tornado watch. 46.15% (486) of the weak tornadoes and
22.12% (23) of the strong tornadoes occurred when there was no tornado watch in effect
(Table 1.12). For the 1,159 confirmed tornadoes, the POD for a tornado occurring inside
a tornado watch was 0.44 (Figure 1.13).
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Table 1.12

Location of all confirmed tornadoes to tornado watches during 2009

2009
Inside
Outside
No Watch
Total
EF0
269 (38.16%)
75 (10.64%)
361 (51.21%)
705
EF1
176 (50.58%)
47 (13.51%)
125 (35.92%)
348
EF2
51 (60.71%)
11 (13.10%)
22 (26.19%)
84
EF3
17 (85%)
2 (10%)
1 (5%)
20
EF4
2 (100%)
0 (0%)
0 (0%)
2
EF5
0
0
0
0
Total 515 (44.44%) 135 (11.65%) 509 (43.92%) 1159
Number of tornadoes, based on strength, occurring inside a tornado watch, outside a
tornado watch, and when no tornado watch was in effect during 2009.

Figure 1.13

Probability of detection for tornadoes during 2009

Of the 282 tornado watches, 51.42% (145) had at least one tornado occur inside
the tornado watch and 26.60% (75) had at least one tornado occur outside the tornado
watch. 18.09% (51) of the tornado watches had at least one EF2+ tornado inside the
tornado watch and 4.61% (13) had at least one EF2+ tornado outside the tornado watch.
2.13% (six) of the 282 tornado watches were PDS tornado watches. 50% (three) of the
PDS tornado watches had at least one tornado occur inside the tornado watch. These
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three PDS tornado watches contained 21 (nine EF0s, seven EF1s, three EF2s, one EF3,
and one EF4) tornadoes. 33.33% (two) of the 6 PDS tornado watches had at least one
tornado occur outside the tornado watch. These two PDS tornado watches contained
seven (four EF0s, one EF1, one EF2, and one EF3) tornadoes. 50% (three) of the six PDS
tornado watches had at least one EF2+ tornado inside the tornado watch and no EF2+
tornadoes outside the tornado watch.
In 2009, the average area of the 282 tornado watches was 76,372.31 km2
(29,487.35 mi2), while the average area of the 1,159 tornadoes was 1.23 km2 (0.48 mi2).
The total area of the tornado watches was 21,536,992 km2 (8,315,432.61 mi2), while the
total area of the tornadoes was 1,430.29 km2 (552.24 mi2). The 1,159 tornadoes covered
an area of 0.007% of the 282 tornado watches. The highest number of tornado watches,
25, occurred in Covington County, Alabama in 2009. Crenshaw County, Alabama had 24
tornado watches followed by Dallas County, Alabama, Wilcox County, Alabama, Clarke
County, Alabama, and Walton County, Florida with 22 (Figure 1.14).
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Figure 1.14

2009 tornado watch county count map

Total number of tornado watches per county during 2009.
The average time frame for a tornado watch in 2009 was 6 hours and 27 minutes.
Tornado Watch 086 had the shortest valid time frame at 2 hours and 45 minutes, while
Tornado Watch 399 and Tornado Watch 791 had the longest valid time frame at 9 hours.
On average, each tornado watch was issued 2 hours and 7 minutes prior to the first
tornado. A tornado occurring inside a tornado watch had a lead time of 2 hours and 4
minutes, while a tornado occurring outside a tornado watch had a lead time of 2 hours
and 47 minutes.
In 2009, 22 fatalities occurred from 10 tornadoes. Eighteen of the fatalities
occurred inside a tornado watch, four occurred outside a tornado watch, and zero
occurred when no tornado watch was in effect. Of the 22 fatalities, four were from weak
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(one EF0 and three EF1s) tornadoes, eight were from strong (one EF2 and three EF3s)
tornadoes, and 10 were from violent (two EF4s) tornadoes.
1.3.4

2010
In 2010, 1,284 tornadoes were confirmed and 286 tornado watches were issued by

the SPC for the same period. Of the 1,284 tornadoes, 86.76% (1,114) were weak, 12.23%
(157) were strong, and 1.01% (13) were violent. 57.90% (645) of the weak tornadoes,
76.43% (120) of the strong tornadoes, and all of the violent tornadoes occurred inside a
tornado watch. 9.16% (102) of the weak tornadoes and 7.64% (12) of the strong
tornadoes occurred outside a tornado watch. 32.94% (367) of the weak tornadoes and
15.92% (25) of the strong tornadoes occurred when there was no tornado watch in effect
(Table 1.13). For the 1,284 confirmed tornadoes, the POD for a tornado occurring inside
a tornado watch was 0.61 (Figure 1.15).
Table 1.13

Location of all confirmed tornadoes to tornado watches during 2010

No Watch
2010
Inside
Outside
Total
EF0
423 (54.72%) 81 (10.48%) 269 (34.80%) 773
EF1
222 (65.10%)
21 (6.16%)
98 (28.74%)
341
EF2
91 (72.80%)
11 (8.80%)
23 (18.40%)
125
EF3
29 (90.63%)
1 (3.13%)
2 (6.25%)
32
EF4
13 (100%)
0 (0%)
0 (0%)
13
EF5
0
0
0
0
Total 778 (60.59%) 114 (8.88%) 392 (30.53%) 1284
Number of tornadoes, based on strength, occurring inside a tornado watch, outside a
tornado watch, and when no tornado watch was in effect during 2010.
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Figure 1.15

Probability of detection for tornadoes during 2010

Of the 286 tornado watches, 59.09% (169) had at least one tornado occur inside
the tornado watch and 25.18% (72) had at least one tornado occur outside the tornado
watch. 22.73% (65) of the tornado watches had at least one EF2+ tornado inside the
tornado watch and 5.59% (16) had at least one EF2+ tornado outside the tornado watch.
4.20% (12) of the 286 tornado watches were PDS tornado watches. All of the PDS
tornado watches had at least one tornado occur inside the tornado watch. These 12 PDS
tornado watches contained 118 (42 EF0s, 50 EF1s, 17 EF2s, six EF3, and three EF4)
tornadoes. 58.33% (seven) of the 12 PDS tornado watches had at least one tornado occur
outside the tornado watch. These seven PDS tornado watches contained 15 (13 EF0s and
two EF1s) tornadoes. 66.67% (eight) of the 12 PDS tornado watches had at least one
EF2+ tornado inside the tornado watch and no EF2+ tornadoes outside the tornado watch.
In 2010, the average area of the 284 tornado watches was 83,332.58 km2
(32,174.71 mi2), while the average area of the 1,286 tornadoes was 2.42 km2 (0.93 mi2).
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The total area of the tornado watches was 23,833,118 km2 (9,201,966.86 mi2), while the
total area of the tornadoes was 3,104.83 km2 (1,198.77 mi2). The 1,286 tornadoes
covered an area of 0.013% of the 284 tornado watches. The highest number of tornado
watches, 22, occurred in Lauderdale County, Mississippi in 2010. Jefferson County,
Arkansas, Noxubee County, Mississippi, Kemper County, Mississippi, and Newton
County, Mississippi had 19 tornado watches (Figure 1.16).

Figure 1.16

2010 tornado watch county count map

Total number of tornado watches per county during 2010.
The average time frame for a tornado watch in 2010 was 6 hours and 47 minutes.
Tornado Watch 373 and Tornado Watch 670 had the shortest valid time frame at 2 hours
and 50 minutes, while Tornado Watch 435 had the longest valid time frame at 12 hours
and 45 minutes. On average, each tornado watch was issued 1 hour and 51 minutes prior
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to the first tornado. A tornado occurring inside a tornado watch had a lead time of 1 hour
and 54 minutes, while a tornado occurring outside a tornado watch had a lead time of 2
hours and 53 minutes.
In 2010, 45 fatalities occurred from 21 tornadoes. Forty-one of the fatalities
occurred inside a tornado watch, zero occurred outside a tornado watch, and four
occurred when no tornado watch was in effect. Of the 45 fatalities, four were from weak
(three EF1s) tornadoes, 19 were from strong (three EF2s and nine EF3s) tornadoes, and
22 were from violent (six EF4s) tornadoes.
1.3.5

2011
In 2011, 1,693 tornadoes were confirmed and 327 tornado watches were issued by

the SPC for the same period. Of the 1,693 tornadoes, 83.34% (1,411) were weak, 15.12%
(256) were strong, and 1.36% (23) were violent. 65.63% (926) of the weak tornadoes,
82.81% (212) of the strong tornadoes, and all of the violent tornadoes occurred inside a
tornado watch. 10.49% (148) of the weak tornadoes and 8.20% (21) of the strong
tornadoes occurred outside a tornado watch. 24.10% (340) of the weak tornadoes and
8.98% (23) of the strong tornadoes occurred when there was no tornado watch in effect
(Table 1.14). For the 1,693 confirmed tornadoes, the POD for a tornado occurring inside
a tornado watch was 0.69 (Figure 1.17).
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Table 1.14

Location of all confirmed tornadoes to tornado watches during 2011

2011
Inside
Outside
No Watch
Total
EF0 465 (58.34%) 87 (10.92%) 245 (30.74%)
797
EF1 461 (74.72%)
61 (9.89%)
95 (15.40%)
617
EF2 157 (80.51%)
18 (9.23%)
20 (10.26%)
195
EF3
55 (90.16%)
3 (4.92%)
3 (4.92%)
61
EF4
17 (100%)
0 (0%)
0 (0%)
17
EF5
6 (100%)
0 (0%)
0 (0%)
6
Total 1161 (68.58%) 169 (9.98%) 363 (21.44%) 1693
Number of tornadoes, based on strength, occurring inside a tornado watch, outside a
tornado watch, and when no tornado watch was in effect during 2011.

Figure 1.17

Probability of detection for tornadoes during 2011

Of the 327 tornado watches, 65.75% (215) had at least one tornado occur inside
the tornado watch and 31.80% (104) had at least one tornado occur outside the tornado
watch. 24.16 % (79) of the tornado watches had at least one EF2+ tornado inside the
tornado watch and 7.34% (24) had at least one EF2+ tornado outside the tornado watch.
4.89% (16) of the 327 tornado watches were PDS tornado watches. All of the PDS
tornado watches had at least one tornado occur inside the tornado watch. These 16 PDS
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tornado watches contained 301 (95 EF0s, 109 EF1s, 47 EF2s, 32 EF3s, 13 EF4s and five
EF0s) tornadoes. 62.5% (10) of the 16 PDS tornado watches had at least one tornado
occur outside the tornado watch. These 10 PDS tornado watches contained 30 (14 EF0s,
nine EF1s, five EF2s, and two EF3s) tornadoes. 87.5% (14) of the 16 PDS tornado
watches had at least one EF2+ tornado inside the tornado watch and 31.25% (five) had at
least one EF2+ tornado outside the tornado watch.
In 2011, the average area of the 327 tornado watches was 82,447.18 km2
(31,832.86 mi2), while the average area of the 1,693 tornadoes was 4.47 km2 (1.73 mi2).
The total area of the tornado watches was 26,960,229 km2 (10,409,344.42 mi2), while the
total area of the tornadoes was 7,565.21 km2 (2,920.93 mi2). The 1,693 tornadoes
covered an area of 0.029% of the 327 tornado watches. The highest number of tornado
watches, 28, occurred in Washington County, Alabama in 2011. Jones and Greene
counties in Mississippi had 27 tornado watches (Figure 1.18).
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Figure 1.18

2011 tornado watch county count map

Total number of tornado watches per county during 2011.
The average time frame for a tornado watch in 2011 was 6 hours and 53 minutes.
Tornado Watch 575 had the shortest valid time frame at 2 hours and 55 minutes, while
Tornado Watch 828 had the longest valid time frame at 12 hours and 20 minutes. On
average, each tornado watch was issued 2 hours and 15 minutes prior to the first tornado.
A tornado occurring inside a tornado watch had a lead time of 2 hours and 7 minutes,
while a tornado occurring outside a tornado watch had a lead time of 3 hours and 32
minutes.
In 2011, 553 fatalities occurred from 59 tornadoes. Five hundred and forty-three
of the fatalities occurred inside a tornado watch, seven occurred outside a tornado watch,
and three occurred when no tornado watch was in effect. Of the 553 fatalities, six were
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from weak (five EF1s) tornadoes, 94 were from strong (15 EF2s and 21 EF3s) tornadoes,
and 453 were from violent (12 EF4s and six EF5s) tornadoes.
1.3.6

2012
In 2012, 942 tornadoes were confirmed and 197 tornado watches were issued by

the SPC for the same period. Of the 942 tornadoes, 86.94% (819) were weak, 12.63%
(119) were strong, and 0.43% (4) were violent. 52.63% (431) of the weak tornadoes,
71.43% (85) of the strong tornadoes, and all of the violent tornadoes occurred inside a
tornado watch. 8.55% (70) of the weak tornadoes and 9.24% (11) of the strong tornadoes
occurred outside a tornado watch. 38.83% (318) of the weak tornadoes and 19.33% (23)
of the strong tornadoes occurred when there was no watch in effect (Table 1.15). For the
942 confirmed tornadoes, the POD for a tornado occurring inside a tornado watch was
055 (Figure 1.19).
Table 1.15

Location of all confirmed tornadoes to tornado watches during 2012

2012
Inside
Outside
No Watch
Total
EF0
275 (47.58%)
46 (7.96%)
257 (44.46%)
578
EF1
156 (64.73%)
24 (9.96%)
61 (25.31%)
241
EF2
68 (71.58%)
10 (10.53%)
17 (17.90%)
95
EF3
17 (70.83%)
1 (4.17%)
6 (25%)
24
EF4
4 (100%)
0 (0%)
0 (0%)
4
EF5
0
0
0
0
Total 520 (55.20%)
81 (8.60%)
341 (36.20%)
942
Number of tornadoes, based on strength, occurring inside a tornado watch, outside a
tornado watch, and when no tornado watch was in effect during 2012.
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Figure 1.19

Probability of detection for tornadoes during 2012

Place all detailed caption, notes, reference, legend information, etc here
Of the 197 tornado watches, 55.84% (110) had at least one tornado occur inside
the tornado watch and 27.41% (54) had at least one tornado occur outside the tornado
watch. 19.80% (39) of the tornado watches had at least one EF2+ tornado inside the
tornado watch and 5.58% (11) had at least one EF2+ tornado outside the tornado watch.
4.06% (eight) of the 197 tornado watches were PDS tornado watches. All of the PDS
tornado watches had at least one tornado occur inside the tornado watch. These eight
PDS tornado watches contained 116 (52 EF0s, 40 EF1s, 12 EF2s, nine EF3s, and three
EF4s) tornadoes. 37.5% (three) of the eight PDS tornado watches had at least one tornado
occur outside the tornado watch. These three PDS tornado watches contained three (one
EF0, one EF1, and one EF2) tornadoes. 87.5% (seven) of the eight PDS tornado watches
had at least one EF2+ tornado inside the tornado watch and 12.5% (one) had at least one
EF2+ tornado outside the tornado watch.
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In 2012, the average area of the 197 tornado watches was 75,083.44 km2
(28,989.72 mi2), while the average area of the 942 tornadoes was 2.02 km2 (0.78 mi2).
The total area of the tornado watches was 14,791,437 km2 (5,710,973.83 mi2), while the
total area of the tornadoes was 1,898.39 km2 (732.97 mi2). The 942 tornadoes covered an
area of 0.013% of the 197 tornado watches. The highest number of tornado watches, 24,
occurred in Jackson County, Mississippi in 2012. Wayne County, Mississippi and Mobile
County, Alabama had 22 tornado watches (Figure 1.20).

Figure 1.20

2012 tornado watch county count map

Total number of tornado watches per county during 2012.
The average time frame for a tornado watch in 2012 was 7 hours. Tornado Watch
201 had the shortest valid time frame at 3 hours and 25 minutes, while Tornado Watch
593 had the longest valid time frame at 12 hours and 10 minutes. On average, each
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tornado watch was issued 1 hour and 53 minutes prior to the first tornado. A tornado
occurring inside a tornado watch had a lead time of 1 hour and 54 minutes, while a
tornado occurring outside a tornado watch had a lead time of 2 hours and 54 minutes.
In 2012, 69 fatalities occurred from 22 tornadoes. Sixty-fix of the fatalities
occurred inside a tornado watch, zero occurred outside a tornado watch, and four
occurred when no tornado watch was in effect. Of the 69 fatalities, two were from weak
(one EF0 and one EF1) tornadoes, 44 were from strong (ten EF2s and seven EF3s)
tornadoes, and 23 were from violent (three EF4s) tornadoes.
1.3.7

2013
In 2013, 907 tornadoes were confirmed and 174 tornado watches were issued by

the SPC for the same period. Of the 907 tornadoes, 88.31% (801) were weak, 10.70%
(97) were strong, and 0.99% (nine) were violent. 49.31% (395) of the weak tornadoes,
81.44% (79) of the strong tornadoes, and all of the violent tornadoes occurred inside a
tornado watch. 7.37% (59) of the weak tornadoes and 7.22% (seven) of the strong
tornadoes occurred outside a tornado watch. 43.42% (347) of the weak tornadoes and
11.34% (11) of the strong tornadoes occurred when there was no tornado watch in effect
(Table 1.16). For the 907 confirmed tornadoes, the POD for a tornado occurring inside a
tornado watch was 0.53 (Figure 1.21).
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Table 1.16

Location of all confirmed tornadoes to tornado watches during 2013

2013
Inside
Outside
No Watch
Total
EF0
205 (40.76%) 31 (6.16%) 267 (53.80%)
503
EF1
190 (63.76%) 28 (9.40%)
80 (26.85%)
298
EF2
62 (79.49%)
5 (6.41%)
11 (14.10%)
78
EF3
17 (89.47%)
2 (10.53%)
0 (0%)
19
EF4
8 (100%)
0 (0%)
0 (0%)
8
EF5
1 (100%)
0 (0%)
0 (0%)
1
Total
483 (53.25%) 66 (7.28%) 358 (39.47%)
907
Number of tornadoes, based on strength, occurring inside a tornado watch, outside a
tornado watch, and when no tornado watch was in effect during 2013.

Figure 1.21

Probability of detection for tornadoes during 2013

Of the 174 tornado watches, 60.92% (106) had at least one tornado occur inside
the tornado watch and 24.14% (42) had at least one tornado occur outside the tornado
watch. 21.26% (37) of the tornado watches had at least one EF2+ tornado inside the
tornado watch and 4.02% (seven) had at least one EF2+ tornado outside the tornado
watch. 2.87% (five) of the 174 tornado watches were PDS tornado watches. 80% (four)
of the PDS tornado watches had at least one tornado occur inside the tornado watch.
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These four PDS tornado watches contained 81 (18 EF0s, 32 EF1s, 24 EF2s, five EF3s,
and two EF4s) tornadoes. 60% (three) of the five PDS tornado watches had at least one
tornado occur outside the tornado watch. These three PDS tornado watches contained
eight (six EF0s and two EF1s) tornadoes. 80% (four) of the PDS tornado watches had at
least one EF2+ tornado inside the tornado watch and no EF2+ tornadoes outside the
tornado watch.
In 2013, the average area of the 174 tornado watches was 82,389.94 km2
(31,810.76 mi2), while the average area of the 907 tornadoes was 2.08 km2 (0.80 mi2).
The total area of the tornado watches was 14,335,849 km2 (5,535,071.30 mi2), while the
total area of the tornadoes was 1885.14 km2 (727.85 mi2). The 907 tornadoes covered an
area of 0.013% of the 174 tornado watches. The highest number of tornado watches, 16,
occurred in Warren, Copiah, and Lincoln counties in Mississippi in 2013 (Figure 1.22).
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Figure 1.22

2013 tornado watch county count map

Total number of tornado watches per county during 2013.
The average time frame for a tornado watch in 2013 was 7 hours and 6 minutes.
Tornado Watch 035 had the shortest valid time frame at 3 hours and 30 minutes, while
Tornado Watch 283 had the longest valid time frame at 12 hours and 15 minutes. On
average, each tornado watch was issued 2 hours and 12 minutes prior to the first tornado.
A tornado occurring inside a tornado watch had a lead time of 2 hours and 20 minutes,
while a tornado occurring outside a tornado watch had a lead time of 2 hours and 42
minutes.
In 2013, 55 fatalities occurred from 14 tornadoes. Fifty-two of the fatalities
occurred inside a tornado watch, one occurred outside a tornado watch, and two occurred
when no tornado watch was in effect. Of the 55 fatalities, three were from weak (three
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EF1s) tornadoes, 15 were from strong (two EF2s and four EF3s) tornadoes, and 37 were
from violent (four EF4s and one EF5) tornadoes.
1.3.8

2014
In 2014, 888 tornadoes were confirmed and 183 tornado watches were issued by

the SPC for the same period. Of the 888 tornadoes, 89.08% (791) were weak, 10.14%
(90) were strong, and 0.79% (seven) were violent. 40.33% (319) of the weak tornadoes,
70% (63) of the strong tornadoes, and all of the violent tornadoes occurred inside a
tornado watch. 8.60% (68) of the weak tornadoes and 10% (nine) of the strong tornadoes
occurred outside a tornado watch. 51.08% (404) of the weak tornadoes and 20% (18) of
the strong tornadoes occurred when there was no tornado watch in effect (Table 1.17).
For the 888 confirmed tornadoes, the POD for a tornado occurring inside a tornado watch
was 0.44 (Figure 1.23).
Table 1.17

Location of all confirmed tornadoes to tornado watches during 2014

2014
Inside
Outside
No Watch
Total
EF0
168 (35.29%) 37 (7.77%) 271 (56.93%)
476
EF1
151 (47.94%) 31 (9.84%) 133 (42.22%)
315
EF2
45 (64.29%)
8 (11.43%)
17 (24.29%)
70
EF3
18 (90%)
1 (5%)
1 (5%)
20
EF4
7 (100%)
0 (0%)
0 (0%)
7
EF5
0
0
0
0
Total 389 (43.81%) 77 (8.67%) 422 (47.52%)
888
Number of tornadoes, based on strength, occurring inside a tornado watch, outside a
tornado watch, and when no tornado watch was in effect during 2014.
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Figure 1.23

Probability of detection for tornadoes during 2014

Of the 183 tornado watches, 61.20% (112) had at least one tornado occur inside
the tornado watch and 24.59% (45) had at least one tornado occur outside the tornado
watch. 17.49% (32) of the tornado watches had at least one EF2+ tornado inside the
tornado watch and 4.37% (8) had at least one EF2+ tornado outside the tornado watch.
2.19% (four) of the 183 tornado watches were PDS tornado watches. 50% (two) of the
PDS tornado watches had at least one tornado occur inside the tornado watch. These two
PDS tornado watches contained eight (three EF0s, three EF1s, one EF2, and one EF4)
tornadoes. 25% (one) of the four PDS tornado watches had at least one tornado occur
outside the tornado watch. This one PDS tornado watch contained one (one EF1) tornado.
25% (one) of the four PDS tornado watches had at least one EF2+ tornado inside the
tornado watch and no EF2+ tornadoes outside the tornado watch.
In 2014, the average area of the 183 tornado watches was 77,703.79 km2
(30,001.43 mi2), while the average area of the 888 tornadoes was 1.80 km2 (0.70 mi2).
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The total area of the tornado watches was 14,219,793 km2 (5,490,262.08 mi2), while the
total area of the tornadoes was 1,597.49 km2 (616.79 mi2). The 888 tornadoes covered an
area of 0.011% of the 183 tornado watches. The highest number of tornado watches, 13,
occurred in New Madrid, Missouri in 2014. Woodbury County, Iowa, Shelby County,
Iowa, Audubon County, Iowa, Pottawattamie County, Iowa, Stewart County, Tennessee,
Monroe County, Mississippi, Lowndes County, Mississippi, Decatur County, Georgia,
Washington Parish, Louisiana, Gadsden County, Florida, Calhoun County, Florida,
Liberty County, Florida, and Bay County, Florida had 12 tornado watches (Figure 1.24).

Figure 1.24

2014 tornado watch county count map

Total number of tornado watches per county during 2014.
The average time frame for a tornado watch in 2014 was 6 hours and 53 minutes.
Tornado Watch 412 had the shortest valid time frame at 3 hours and 10 minutes, while
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Tornado Watch 390 had the longest valid time frame at 12 hours and 35 minutes. On
average, each tornado watch was issued 2 hours and 4 minutes prior to the first tornado.
A tornado occurring inside a tornado watch had a lead time of 2 hours and 10 minutes,
while a tornado occurring outside a tornado watch had a lead time of 2 hours and 53
minutes.
In 2014, 47 fatalities occurred from 14 tornadoes. Forty-one of the fatalities
occurred inside a tornado watch, two occurred outside a tornado watch, and four occurred
when no tornado watch was in effect. Of the 47 fatalities, two were from weak (one EF1)
tornadoes, 17 were from strong (five EF2s and four EF3s) tornadoes, and 28 were from
violent (four EF4s) tornadoes.
1.3.9

2015
In 2015, 1,177 tornadoes were confirmed and 213 tornado watches were issued by

the SPC for the same period. Of the 1,177 tornadoes, 92.78% (1,092) were weak, 6.97%
(82) were strong, and 0.26% (three) were violent. 48.63% (531) of the weak tornadoes,
68.29% (56) of the strong tornadoes, and all of the violent tornadoes occurred inside a
tornado watch. 12.36% (135) of the weak tornadoes and 10.98% (nine) of the strong
tornadoes occurred outside a tornado watch. 39.01% (426) of the weak tornadoes and
21% (17) of the strong tornadoes occurred when there was no tornado watch in effect
(Table 1.18). For the 1,177 confirmed tornadoes, the POD for a tornado occurring inside
a tornado watch was 0.50 (Figure 1.25).
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Table 1.18

Location of all confirmed tornadoes to tornado watches during 2015

2015
Inside
Outside
No Watch
Total
EF0
314 (45.12%) 83 (11.93%) 299 (42.96%)
696
EF1
217 (54.80%) 52 (13.13%) 127 (32.07%)
396
EF2
41 (64.06%)
7 (10.94%)
16 (25%)
64
EF3
15 (83.33%)
2 (11.11%)
1 (5.56%)
18
EF4
3 (100%)
0 (0%)
0 (0%)
3
EF5
0
0
0
0
Total 590 (50.13%) 144 (12.24%) 443 (37.64%) 1177
Number of tornadoes, based on strength, occurring inside a tornado watch, outside a
tornado watch, and when no tornado watch was in effect during 2015.

Figure 1.25

Probability of detection for tornadoes during 2015

Of the 213 tornado watches, 61.50% (113) had at least one tornado inside the
tornado watch and 35.21% (75) had at least one tornado occur outside the tornado watch.
16.43% (35) of the tornado watches had at least one EF2+ tornado inside the tornado
watch and 5.63% (12) had at least one EF2+ tornado outside the tornado watch.
0.47% (one) of the 213 tornado watches was a PDS tornado watch. This PDS tornado
watch had at least one tornado occur inside the tornado watch. This PDS tornado watch
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contained six (two EF1s, two EF2s, one EF3, and one EF4) tornadoes. No tornadoes
occurred outside the tornado watch.
In 2015, the average area of the 213 tornado watches was 77,605.87 km2
(29,963.63 mi2), while the average area of the 1,117 tornadoes was 1.74 km2 (0.67 mi2).
The total area of the tornado watches was 16,530,051 km2 (6,382,252.69 mi2), while the
total area of the tornadoes was 2,049.04 km2 (791.14 mi2). The 1,117 tornadoes covered
an area of 0.012% of the 213 tornado watches. The highest number of tornado watches,
22, occurred in Throckmorton County, Texas in 2015. Haskell County, Texas had 21
tornado watches followed by Clay and Jack counties in Texas with 20 (Figure 1.26).

Figure 1.26

2015 tornado watch county count map

Total number of tornado watches per county during 2015.
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The average time frame for a tornado watch in 2015 was 6 hours and 43 minutes.
Tornado Watch 065 had the shortest valid time frame at 3 hours and 30 minutes, while
Tornado Watch 302 had the longest valid time frame at 11 hours. On average, each
tornado watch was issued 1 hour and 53 minutes prior to the first tornado. A tornado
occurring inside a tornado watch had a lead time of 1 hour and 57 minutes, while a
tornado occurring outside a tornado watch had a lead time of 3 hours and 20 minutes.
In 2015, 36 fatalities occurred from 13 tornadoes. Thirty-four of the fatalities
occurred inside a tornado watch, one occurred outside a tornado watch, and one occurred
when no tornado watch was in effect. Of the 36 fatalities, one was from a weak (one EF1)
tornado, 14 were from strong (five EF2s and four EF3s) tornadoes, and 21 were from
violent (three EF4s) tornadoes.
1.4

Discussion and Conclusion
Results from this study were compared to Schaefer (2000) to analyze trends in

accuracy, POD, lead times, and median area. A slight increasing trend in the accuracy of
tornado watches occurred from 2007 – 2015, but a more substantial increase occurred
from 1970 – 2000 (Schaefer, 2000). During 1970 – 2000, the lowest accuracy occurred in
1970 with 21%, while the highest occurred in 1996 with 63% (Schaefer, 2000) (Figure
1.27). During 2007 – 2015, the highest accuracy occurred in 2011 and the lowest
occurred in 2009 with 65.75% and 51.42%, respectively.
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Figure 1.27

Accuracy of tornado watches

Percent of tornado watches with at least one tornado inside the watch from 1970 – 2000
(Schaefer, 2000) and from 2007 – 2015.
The POD for tornadoes occurring inside a tornado watch had a slight increasing
trend from 1970 – 2000 (Schaefer, 2000), while the trend remained fairly consistent from
2007 – 2015. From 1970 – 2000, 1970 had the lowest POD with 0.31 and 1999 had the
highest POD with 0.64 (Schaefer, 2000). The lowest POD during 2007 – 2015 was 0.44
in 2014 and the highest POD was 0.69 in 2011 (Figure 1.28). The POD for F2+ tornadoes
increased rapidly from 1970 – 2000 (Schaefer, 2000), but remained consistent from 2007
– 2015. Similar to the POD for all tornadoes during 1970 - 2000, 1970 had the lowest
POD for F2+ tornadoes and 1999 had the highest POD with 0.28 and 0.89, respectively
(Schaefer, 2000). The highest POD for EF2+ tornadoes during 2007 – 2015 was 0.84 in
2011, while 2009 had the lowest POD at 0.66. 1997 and 1999 had higher POD values for
F2+ tornadoes than any year from 2007 – 2015 (Figure 1.29).
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Figure 1.28

POD for all tornadoes

Probability of detection for all tornadoes from 1970 – 2000 (Schaefer, 2000) and from
2007 – 2015.
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Figure 1.29

POD for F2/EF2+ tornadoes

Probability of detection for F2/EF2 or greater tornadoes from 1970 – 2000 (Schaefer,
2000) and from 2007 – 2015.
Trends in tornado watch lead times varied from 1970 – 2000 (Schaefer, 2000) and
from 2007 – 2015. Lead times decreased in the early 1970s, increased until the late
1980s, and then decreased until the end of the period (Schaefer, 2000). During 1970 –
2000, the longest lead time occurred in 1985 at 2 hours and 36 minutes, while the shortest
lead time occurred in 1975 and 1999 at 1 hour and 56 minutes (Schaefer, 2000). Lead
times decreased slightly from 2007 – 2015. 2008 had the longest lead time at 2 hours and
36 minutes, while 2010 had the shortest lead time at 1 hour and 51 minutes (Figure 1.30).

65

Figure 1.30

Tornado watch lead time

Tornado watch lead times from 1970 – 2000 (Schaefer, 2000) and from 2007 – 2015.
The median area for tornado watches was smaller during 1970 – 2000 (Schaefer,
2000) than during 2007 – 2015. The median area decreased from the early 1970s through
the mid-1980s then decreased until the early 1990s before leveling out (Schaefer, 2000).
During 1970 – 2000, the smallest median area occurred in 1972, while the largest
occurred in 1985 with an area of 57,756.78 km2 (22,300 mi2) and 77,295.66 km2 (29,844
mi2), respectively (Schaefer, 2000). The trend remained fairly consistent from 2007 –
2015. During 2007 – 2015, the smallest area occurred in 2009 at 71,065 km2 (27,438.20
mi2), while the largest area occurred in 2008 at 81,192 km2 (31,348.23 mi2). On average,
tornado watches were bigger during 2007 – 2015 than during 1970 – 2000.
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Figure 1.31

Tornado watch median area

Tornado watch median area from 1970 – 2000 (Schaefer, 2000) and from 2007 – 2015.
In conclusion, this study analyzed the accuracy of tornado watches for the nineyear period of 2007 – 2015. In addition to accuracy, POD for tornadoes, fatalities, lead
times and valid watch times were calculated for each tornado watch. Overall, this study
showed a slight increasing trend in the accuracy of tornado watches from 2007 – 2015.
Nearly 59% of the 2,359 tornado watches verified with at least one tornado inside the
watch. 2011 had the highest accuracy with 65.75% and 2009 had the lowest accuracy
with 51.42%. Even though an overall increasing trend in the accuracy of tornado watches
occurred over the last 45 years, fatalities are still prevalent.
Of the 10,840 tornadoes during 2007 - 2015, 56.70% were inside a tornado watch,
9.69% were outside a tornado watch, and 33.62% occurred when there was no tornado
watch in effect. During 2007 – 2015, the POD for a tornado occurring inside a tornado
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watch, regardless of strength, was 0.57. On average, tornado watches were valid for 6
hours and 50 minutes and were issued 2 hours and 8 minutes prior to the first tornado.
The average area of the 2,359 tornado watches and the 10,840 tornadoes was 80,936.05
km2 (31,249.41 mi2) and 2.36 km2 (0.91 mi2), respectively. The highest concentration of
tornado watches occurred in Mississippi, Alabama, Louisiana, and Arkansas.
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UNDERSTANDING THE MONETARY COSTS OF TORNADO WATCHES ON
EMERGENCY PERSONNEL AND THE DAILY IMPACTS OF TORNADO
WATCHES ON THE GENERAL PUBLIC
2.1

Introduction
A severe thunderstorm is defined by the National Weather Service (NWS) as “any

storm that produces one or more of the following elements: a tornado, damaging winds
with speeds of 58 mph (50 knots) or greater, or hail 1 inch in diameter or larger” (SPC-B,
2017), while a significant severe thunderstorm is classified as “a tornado that produces
EF2 or greater damage, wind speeds of 75 mph (65 knots) or greater, or hail 2 inches in
diameter or larger” (SPC-B, 2017). The NWS and the Storm Prediction Center (SPC)
issues a variety of products to inform the public of the potential for severe weather. Local
NWS offices are responsible for issuing severe thunderstorm warnings and tornado
warnings for their County Warning Area (CWA) (NWS, 2017), while the SPC issues
convective outlooks, mesoscale discussions, severe weather watches, and public severe
weather outlooks (PWO) for the contiguous United States (SPC-B, 2017).
The “SPC issues Day 1, Day 2, and Day 3 convective outlooks that depict nonsevere thunderstorm areas and severe thunderstorm threats across the contiguous United
States, along with a text narrative” (SPC-B, 2017). Categorical forecasts are issued for
Day 1 – 3 convective outlooks to indicate the potential for severe weather through a
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numerical scale and a variety of colors. The numerical scale ranges from 1 to 5 (5
indicating the highest threat) (SPC-B, 2017). Categorical forecasts are based on the
probability for severe weather occurring within 25 miles of a given location.
Tornado, large hail, and damaging wind probabilities are only issued on Day 1
convective outlooks when storm mode and storm strength is better recognized.
There are a total of five categorical forecasts that can be issued for the Day 1 – 3
convective outlooks, as well as a general or non-severe thunderstorm (TSTM) forecast.
The five categorical forecasts are marginal (MRGL) risk, slight (SLGT) risk, enhanced
(ENH) risk, moderate (MDT) risk, and high (HIGH) risk (SPC-B, 2017). These
categorical forecasts are presented on a map to identify locations with the greatest severe
weather potential (Figure 2.1) (SPC-B, 2017). TSTM (light green) is issued for an area
“where a 10% or greater probability of thunderstorms is forecast during the valid period”
(SPC-B, 2017). A MRGL risk, level 1 (dark green), is issued when “an area of severe
storms of either limited organization and longevity, or very low coverage and marginal
intensity” (SPC-B, 2017) is forecasted. A SLGT risk, level 2 (yellow), is issued when “an
area of organized severe storms, which is not widespread in coverage with varying levels
of intensity” (SPC-B, 2017) is forecasted. An ENH risk, level 3 (orange), is issued when
conditions are similar to a SLGT risk, but the areal coverage is larger (SPC-B, 2017). A
MDT risk, level 4 (red), is issued for “an area where widespread severe weather with
several tornadoes and/or numerous severe thunderstorms is likely, some of which should
be intense” (SPC-B, 2017). A HIGH risk, level 5 (magenta), is issued for “an area where
a severe weather outbreak is expected from either numerous intense and long-tracked
tornadoes or a long-lived derecho-producing thunderstorm complex that produces
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hurricane-force wind gusts and widespread damage” (SPC-B, 2017). Each categorical
forecast is accompanied by a basic discussion indicating the threats, location, and timing
of the event. A technical discussion for meteorologists and/or weather enthusiasts is also
provided (SPC-B, 2017).

Figure 2.1

SPC day 1 categorical outlook for 22 January 2017

The SPC issues Day 4 – 8 convective outlooks when there is a 15% or 30%
chance of severe weather for a given day. These probabilistic forecasts are similar to a
SLGT risk or an ENH risk, respectively, found in the Day 1 – 3 convective outlooks.
‘PREDICTABILITY TOO LOW’ is issued when the location or occurrence of severe
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weather is uncertain due to model inconsistencies, while ‘POTENTIAL TOO LOW’
indicates that a 15% chance of severe weather is unlikely for a given day (SPC-B, 2017).
PWOs are designed to alert emergency managers, first responders, public
officials, etc. about the potentially dangerous weather situation occurring that day (SPCB, 2017). These outlooks are typically issued in the morning to allow emergency
personnel adequate time to notify the public. PWOs are only issued for HIGH risk and
MDT risk Day 1 convective outlooks when there is a high probability for damaging
winds and tornadoes (SPC-B, 2017).
Severe weather MDs are issued when there is a “severe thunderstorm potential
over the continental U.S. for the next 6 hours with an emphasis on the first 1 – 3 hours”
(SPC-B, 2017). The location of the MD is encircled by a line. MDs contain two
paragraphs; one paragraph containing information about the storm mode, timing,
location, and strength, while the second paragraph describes the prominent mesoscale
features and atmospheric conditions in place. A probability is also given for the
likelihood of a severe weather watch (SPC-B, 2017). MDs inform emergency managers,
NWS meteorologists, and the public that the atmosphere is expected to be conducive for
severe weather (Pearson and Weiss, 1979). “The SPC goal is to issue severe potential
MDs 1 – 2 hours prior to the watch issuance” (SPC-B, 2017).
Tornado watches tend to give local meteorologists at the NWS confidence to issue
tornado warnings when storms begin to develop (Keene et al., 2008, Hales, 1990).
“Tornado watches are issued when conditions are favorable for either multiple tornadoes
or a single intense tornado” (SPC-B, 2017). Tornado watches typically cover a
geographic region, around 20,000 – 40,000 mi2, and last around 6 – 8 hours. Depending
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on the atmospheric conditions, portions of a tornado watch can be cancelled or extended,
spatially or temporally, by the NWS through discussions with the SPC. It should be noted
that the tornado watch parallelogram does not represent all of the counties inside the
tornado watch. Counties inside or outside the parallelogram can be excluded or included,
respectively, depending on discussions between the SPC and the local NWS offices
(SPC-B, 2017). Tornado watches are given a variety of probabilities to identify the
likelihood of certain severe weather elements. These probabilities range from ‘low’ to
‘medium’ to ‘high’ and are applied to six categories. These categories include: all
tornadoes, EF2 – EF5 tornadoes, severe wind, wind 65 knots or greater, all hail, and twoinch hail or greater (SPC-B, 2017). A Particularly Dangerous Situation (PDS) tornado
watch is issued when the confidence of multiple intense tornadoes is high (SPC-B, 2017).
During severe weather, local NWS offices are responsible for issuing warnings
for their CWA, consulting with the SPC about severe weather watches, and issuing a
Watch County Notification (WCN). Multimedia briefings, graphics, and hazardous
weather outlooks are also used to alert the public about the potential for severe weather
(Mason and Senkbeil, 2015). A WCN is issued after the SPC releases the Watch County
Outline (WCO), which includes all counties inside the watch. The WCN contains the
counties within the local NWS offices’ CWA. The WCN can inform the public that a
county (or counties) has been added or removed from the original WCO as well as any
changes to the valid time frame of the watch (SPC-B, 2017).
Recently, considerable research has been conducted on tornado warning
perception (Hoekstra et al., 2011, Schumacker et al., 2010), communication (Balluz et al.,
2000, Hammer and Schmidlin, 2001, Maleti and Sorensen, 1990, Paul et al., 2003,
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Ripberger et al., 2015, Schumacker et al., 2010, Sherman-Morris, 2010, Sorensen, 2000,
Sutter and Simmons, 2014), and response (Balluz et al., 2000, Hammer and Schmidlin,
2001, Maleti and Sorensen, 1990, Mason and Senkbeil, 2015, Mitchem, 2003, Paul et al.,
2003, Sorensen, 2000), but little research has been conducted on tornado watches (Mason
and Senkbeil, 2015). To the author’s knowledge, no research has examined the cost of
tornado watches and only one study has analyzed the cost of tornado warnings (Sutter
and Erickson, 2009).
Emergency managers (EMs) have the crucial role of keeping the public safe
during severe weather (Baumgart et al., 2006, League et al., 2010). EMs inform the
public about severe weather by “calling hospitals and schools, interacting with first
responders, sounding sirens, communicating with spotters, and interrupting television
programs” (Baumgart et al., 2006). Baumgart et al. (2006) developed an initial decision
making model for emergency managers during severe weather and a revised model based
on EM response data. The initial model includes four main phases (Pre-Storm, Severe
Weather Watch, Severe Weather Warning, and Severe Weather Event), a description of
each phase, information sources, and decisions/actions for EMs. The decisions/actions for
severe weather watches are to decide whether or not to deploy spotters and to decide
when/if first responders should be alerted.
Sutter and Erickson (2009) analyzed the cost of tornado warnings for countybased warnings and storm-based warnings from 1996 to 2004 and 2007, respectively.
From 1996 – 2004, “an average of 234 million person-hours were spent under warnings
annually… with a value of 2.7 billion dollars per year” (Sutter and Erickson, 2009).
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Storm-based warnings could substantially reduce the time spent under warnings and the
cost by 164 million hours and 747 million dollars per year (Sutter and Erickson, 2009).
Mason and Senkbeil (2015) developed a tornado watch scale (TWS) that
incorporates a tornado refuge rubric (TRR) (Mason and Senkbeil, 2014) to provide the
public with “a simple forecast of expected severity, and corresponding precautionary
actions in ample time for those who do not have a storm shelter or safe room readily
available to travel to substantial shelter based on forecast recommendations” (Mason and
Senkbeil, 2015). The TWS alters the standard tornado watch and the PDS tornado watch
into six levels (level 0 – level 5) based on the forecasted severity of the event (Mason and
Senkbeil, 2015).
Survey participants listened to audio statements from a standard tornado watch, a
PDS tornado watch, a hypothetical level 1 tornado watch, a hypothetical level 3 tornado
watch, and a hypothetical level 5 tornado watch. Level 1, level 3, and level 5 tornado
watch statements (Figure 2.2) identified the severity of the event, threats, shelter options,
and what to do if an adequate shelter is not available (Mason and Senkbeil, 2015).
Following the audio statements of each watch type, participants were asked a variety of
questions to determine: 1) what actions would be taken due to the issuance of the watch,
2) what actions would be taken if a tornado warning occurred after the watch was issued,
and 3) the perceived danger of the watch (Mason and Senkbeil, 2015).
Audio statement responses from each tornado watch were compared to assess
safety actions (Mason and Senkbeil, 2015). Level 3 and level 5 tornado watches
prompted in safer actions when compared to a NWS tornado watch, while a PDS tornado
watch and a level 1 tornado watch did not. In fact, a level 1 tornado watch resulted in
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similar safety actions as a NWS tornado watch and a PDS tornado watch. Overall, the
TWS prompted in safer safety actions when compared to a NWS tornado watch and PDS
tornado watch (Mason and Senkbeil, 2015).
Participants were provided with the TWS graphic to better visualize safety actions
and how the graphic compared to the audio statements. The TWS graphic (Figure 2.2) is
divided into six levels (level 0 – level 5), three event types (weak, strong, and violent),
and potential shelters. The graphic is colored based on the severity of the event. A level 0
or level 1 tornado watch (yellow) represents a weak event (EF0 and EF1 tornadoes
likely), a level 2 or level 3 tornado watch (orange) represents a strong event (EF2 and
EF3 tornadoes likely), and a level 4 or level 5 tornado watch represents a violent event
(EF4 and EF5 tornadoes likely). Adequate, questionable, and inadequate shelters are
specified for each level. In most cases, the graphic illustration resulted in no change or an
increase in safety action when compared to the audio statements.
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Figure 2.2

TWS audio statements

Level 1, level 3, and level 5 tornado watch audio recordings played to survey participants

Figure 2.3

TWS graphic

The TWS graphic incorporates a tornado refuge rubric (TRR) (Mason and Senkbeil,
2014) to illustrate the severity of the event and shelter types
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Participants were also asked to rate the perceived danger associated with each
tornado watch presented in the audio statements. A standard NWS tornado watch had the
lowest perceived danger with 5.78 (out of 10), followed by a level 1 tornado watch, a
level 3 tornado watch, a PDS tornado watch, and a level 5 tornado watch with a value of
6.55, 7.45, 7.68, and 9.25, respectively. Thirty-seven of the 38 participants preferred the
TWS over the current NWS tornado watch products due to “more information/detail,
easier to understand, describes severity, more explanation, and the numerical rating
scale” (Mason and Senkbeil, 2015).
Unlike tornado warnings, minimal research has been conducted on tornado
watches (Mason and Senkbeil, 2015). The objective of this work is to determine the
monetary cost of tornado watches and if/how daily activities are impacted by tornado
watches. This study demonstrates the importance of tornado watches to the general
public. Interviews were conducted with a variety of emergency personnel to determine
the cost of tornado watches and surveys were used to determine the impact tornado
watches have on daily activities.
2.2
2.2.1

Methods
Cost of tornado watches
The Emergency Management office in Shelby County, Mississippi estimates that

around four million dollars is spent annually operating the Emergency Operation Center
(EOC) during severe weather watches (Howell and Reagan, 2014). Based upon that
stated expenditure, the initial objective of this study was to determine the cost of tornado
watches for counties and cities of varying sizes and densities in the Southeastern United
States. Semi-structured interviews were conducted with emergency personnel
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(emergency managers, police officers, and firefighters) from Tennessee, Louisiana,
Mississippi, and Missouri. Even though the initial objective of this study was to
determine the cost of tornado watches, questions pertaining to tornado warnings and
operations were also asked. Semi-structured interviews allowed for follow-up questions,
when applicable (Barribal, 1994). Not all of the questions were asked due to the
interviewee’s responses.
Prior to conducting the interview, interviewees were required to sign a consent
form approved by the Human Resource Protection Program (HRPP) at Mississippi State
University (MSU). Interviews were conducted in person and over the phone when
necessary. If the interview was conducted over the phone, verbal consent was required.
The consent form contained information about the research including the title of the
research study, researchers involved, procedures, whom to contact with questions, and
that participation is voluntary. Each interview lasted between 30 minutes to an hour. A
recording device was used to ensure that the questions and answers were accurately
transcribed. To ensure total confidentiality, names of the interviewees were not used in
this study. Fifteen survey questions were asked to better understand: 1) office procedures
and background information, 2) the cost of preparing for tornado watches, and 3) the cost
of preparing for tornado warnings (Table 2.1).
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Table 2.1

Semi-structured interview questions



Background Information







Cost of Tornado Watches









Cost of Tornado Warnings




How many people work in your office (part-time / fulltime)? Does this change with an anticipated weather event?
What are your office’s operations for weather-related
events?
How many and which facilities (schools, hospitals, fire
departments, police stations, government agencies, etc.) do
your office communicate with when a severe weather event
is anticipated? When does your office begin communicating
with these facilities?
How do the daily operations change when a tornado watch
is anticipated?
How do the daily operations change when a tornado watch
is issued?
Are more personnel (employees, first responders, storm
spotters, etc.) needed and if so how are they deployed when
a tornado watch is issued or expected? When are they
deployed or placed on standby? What is the cost involved?
How does your office receive information about tornado
watches? Once the information is received how and to
whom is it disseminated?
Do you require any additional resources (equipment,
vehicles, television broadcast, radio broadcast) when a
tornado watch is issued or expected? If so, what is the cost
involved?
Does your county / city suspend operation or close when a
tornado watch is issued?
How do your office’s operations change when a tornado
warning is issued?
Are more personnel (employees, first responders, storm
spotters, etc.) needed and if so how are they deployed when
a tornado warning is issued or expected? When are they
deployed or placed on standby? What is the cost involved?
How does your office receive information about tornado
warnings? Once the information is received how and to
whom is it disseminated?
Do you require any additional resources (equipment,
vehicles, television broadcast, radio broadcast, etc.) when a
tornado warning is issued? If so, what is the cost involved?
Does the county suspend operation or close when a tornado
warning is issued?
How many tornado sirens are located throughout the county
/ city? Would you be willing to provide a map or GPS
coordinates of the tornado sirens?
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2.2.2

Effects of tornado watches on daily activities
The objective to the second part of this study was to determine the effects of

tornado watches on daily activities. In order to assess the effects, surveys were used.
Surveys were generated using Qualtrics, a private online survey tool, and distributed via
social media (Facebook and Twitter). The survey contained 32 questions, including text
entry, multiple choice, and Likert-type questions. Prior to beginning the survey,
respondents were required to answer a preliminary question to participate in this study.
The question was approved by the HRPP at MSU and contained information about the
research including the title of the research study, procedures, whom to contact with
questions, age requirements, and that participation is voluntary.
Meteorologists, professors, former and current students, friends, and family
helped distribute the survey. Broadcast meteorologists in Alabama, Arkansas, Colorado,
Connecticut, Georgia, Illinois, Kentucky, Louisiana, Mississippi, North Carolina, and
Texas were the primary outlet for distributing the survey. They were asked to post a link
to the survey on their social media pages as well as a brief explanation of the survey.
Even though the survey was distributed primarily by the weather community, the target
audience was the general public. Thirty-two survey questions were asked to better
understand the respondent’s: 1) weather knowledge, 2) sources of weather information,
3) actions during a tornado watch, 4) living conditions and whether or not he or she has
children in school, and 5) socio-demographics characteristics (Table 2.2). IBM SPSS
Statistics was used to analyze the survey responses.
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Table 2.2

Survey questions






Weather Knowledge





Weather Sources





Actions During a Watch






Children






Socio-demographics








How would you describe your level of weather knowledge?
Which of the following accurately describes a tornado watch?
Which of the following actions are associated with a tornado
watch?
Which of the following accurately describes a tornado warning?
Which of the following actions are associated with a tornado
warning?
Which of the following poses the greatest threat/danger to you in
your area?
Have you or your community been impacted (received damage)
by a tornado? Were you under a tornado watch at any time during
2016?
Select all of the following that occurred in your area during a
tornado watch in 2016.
How do you receive your daily weather information?
How are you typically notified that a tornado watch has been
issued for your area?
If a tornado watch was just issued for your area, would your
normal daily activities change?
If the activity you planned lasts 30 minutes, how likely would
you be to continue with your plans? 1 hour? 2 hours? 4 hours?
Entirety of watch?
How likely would you be to monitor the weather?
Do you have a child (or children) in school?
In what grade is your child (or children)? How does your child
(or children) typically get to and from school?
Does the school district have a severe weather plan?
Is your child (or children) typically sent home from school if
there is a threat of tornadoes (i.e. tornado watch)?
Do you think your child (or children) would be safer at home or
at school if there is a threat of tornadoes?
How are you or your family affected by a school related closing
(i.e. loss of time at work, hire a babysitter, etc.)?
Please specify the zip code where you currently reside.
How long have you lived in your current zip code?
How many people live in your household? Which of the
following best describes your race?
Which of the following best describes you?
What is your age?
What is your highest level of education completed?

The main focus of this part of the study was to determine if an individual would
change his or her plans due to the issuance of a severe weather watch. The two variables
analyzed were the length of the activity and the severity of the severe weather watch.
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Using a Likert-type scale, each respondent rated his or her likelihood to continue an
activity depending on the severity of each watch. Respondents were provided information
about the watch including duration and primary threats. The type of severe weather watch
(severe thunderstorm watch, tornado watch, and Particularly Dangerous Situation (PDS)
tornado watch) (Table 2.3) was not included. The author wanted the respondents to assess
the threat based on the text, not by the type of watch.
Each hypothetical watch was issued on a Saturday at 3:00 PM. The activity was
planned for that afternoon or evening and was at least 20 minutes from the respondent’s
home with unknown shelter. Saturday was used to avoid any conflicts with school, work,
and church. For each type of watch, respondents rated activities that lasted 30 minutes, 1
hour, 2 hours, 4 hours, and the entirety of the watch. The ratings ranged from “definitely
would continue with activity” to “definitely would not continue with activity.” IMB
SPSS Statistics was used to determine any statistical significance between the two
variables.
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Table 2.3

Severe weather watch text

A WATCH HAS JUST BEEN ISSUED FOR YOUR AREA.
*THIS WATCH IS VALID FROM 3:00 PM UNTIL 10:00 PM.
Severe Thunderstorm Watch *PRIMARY THREATS INCLUDE… SCATTERED DAMAGING
WINDS LIKELY WITH ISOLATED SIGNIFICANT WIND GUSTS TO
75 MPH POSSIBLE
A WATCH HAS JUST BEEN ISSUED FOR YOUR AREA.
*THIS WATCH IS VALID FROM 3:00 PM UNTIL 10:00 PM.
*PRIMARY THREATS INCLUDE… A FEW TORNADOES
POSSIBLE… SCATTERED LARGE HAIL LIKELY WITH ISOLATED
Tornado Watch
VERY LARGE HAIL EVENTS TO 2.5 INCHES IN DIAMETER
POSSIBLE… ISOLATED SIGNIFICANT DAMAGING WIND GUSTS
TO 75 MPH POSSIBLE
THIS IS A PARTICULARLY DANGEROUS SITUATION...A WATCH
HAS JUST BEEN ISSUED FOR YOUR AREA.
*THIS WATCH IS VALID FROM 3:00 PM UNTIL 10:00 PM.
*PRIMARY THREATS INCLUDE… SEVERAL TORNADOES AND A
PDS Tornado Watch
FEW INTENSE TORNADOES LIKELY… WIDESPREAD LARGE
HAIL AND SCATTERED VERY LARGE HAIL EVENTS TO 4
INCHES IN DIAMETER EXPECTED… WIDESPREAD DAMAGING
WINDS LIKELY WITH ISOLATED SIGNIFICANT GUSTS TO 80
MPH POSSIBLE

2.2.2.1

Spatial distribution of tornado watches and respondents
Similar to Objective 1, tornado watch polygons for 2016 were generated by

importing the four latitude and longitude points of each tornado watch from the SPC
Severe Weather Events Archive into Geographic Information System (GIS). Geospatial
Modeling Environment (GME) was used to connect the four points of each tornado
watch. Once all the tornado watch polygons for 2016 were regenerated using GME, the
polygons were exported as shapefiles and imported into GIS (Figure 2.4). It should be
noted that a tornado watch was defined as the area inside the parallelogram.
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Figure 2.4

2016 tornado watches

All tornado watches (113) from 2016.
The “USA Zip Code Areas” shapefile was imported into GIS from the ArcGIS
database (www.arcgis.com). The shapefile contains information about each zip code
including zip code number, post office name, area, latitude and longitude, and population.
The latitude and longitude data represents the center of the zip code. In order to generate
a point shapefile of each respondents’ location, latitude and longitude data were used
(Table 2.2). The respondent’s zip code point shapefile was compared to the 2016 tornado
watch shapefile to determine if his or her location was under a tornado watch during 2016
(Figure 2.5). If a location was outside a tornado watch polygon, the watch was further
analyzed on the SPC Severe Events Archive Page to determine if the county was included
in the watch.
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Table 2.4

Latitude and longitude data for zip code point shapefile

Zip Code Latitude Longitude Post Office Name
39752
33.52499 -89.1614
Mathiston
39755
33.57874 -88.9556
Pheba
39756
33.77143 -88.7267
Prairie
39759
33.4342
-88.8346
Starkville
39762
33.45285 -88.7946
Mississippi State
39766
33.58829 -88.3129
Steens
39767
33.48193 -89.4582
Stewart
39769
33.33218
-89.005
Sturgis
39772
33.30435 -89.3037
Weir
39773
33.65888 -88.7551
West Point
39776
33.78781 -89.0603
Woodland
The latitude and longitude data which represents the center of the zip code was used to
generate a point shapefile of the respondents’ locations.

Figure 2.5

2016 tornado watches and respondent’s locations

All contiguous United States’ zip codes (30,105) and respondent’s locations (2009)
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2.3

Results

2.3.1

Cost of tornado watches
The initial goal of this study was to determine the cost of tornado watches for

counties and cities of varying sizes and population densities in the Southeastern United
States. After conducting six semi-structured interviews with emergency personnel (four
emergency managers, one fire marshal, and one police captain of operations), it was
determined that minimal, if any, identifiable costs are associated with tornado watches.
Interviews were conducted with emergency personnel from Louisiana, Mississippi,
Missouri, and Tennessee.
Even though emergency personnel from Louisiana, Mississippi, Missouri, and
Tennessee respond to a variety of weather events, all four locations are located in tornado
prone areas and thus why they were chosen for the interview. In these areas, emergency
personnel are responsible for responding to flooding, straight line winds, snow, ice,
tornadoes, and hurricanes. Unlike most weather events, tornadoes only affect a small area
and a limited number of individuals.
Every interviewee stated that there is minimal, if any, identifiable costs associated
with tornado watches. Some emergency managers mentioned the need for additional
employees, but it was dependent on the severity of the event and the time of day. If a
tornado watch was expected to take place on the weekend or at night, an additional
employee or two might be required. In this case, additional employees would be paid
overtime.
The local emergency manager from Missouri stated that additional employees are
essential when there is an enhanced risk for severe weather. During an enhanced risk, an
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extra dispatcher is needed to help communicate with first responders. Once a tornado
watch is issued, responders and spotters are stationed throughout the county. Responders
are trained spotters and receive training annually. Since normal patrol operations are
ongoing during a tornado watch, no additional costs are expected.
Emergency managers from Louisiana, Mississippi, and Tennessee stated that
responders are not dispatched when a tornado watch is issued. The emergency manager
from Tennessee said, “we are not going to send anyone out anywhere unless a tornado
touches down and there is damage. We will then go out and conduct surveys to ascertain
a dollar value so that if it is significant enough we can request, through the state, a federal
declaration.”
According to the emergency manager from Louisiana, money will not be spent on
something that could potentially happen. Even though Louisiana is located in a tornado
prone area, this particular county does not have tornado sirens. The emergency manager
could not validate paying for tornado sirens when hurricanes are a bigger concern.
According to emergency managers, purchasing tornado sirens are one of the most
expensive costs associated with tornadoes. Each tornado siren costs around $25,000.
Calculating the cost of tornado watches for counties and cities of varying sizes
and population densities in the Southeastern United States using community/government
preparedness data/costs could not be done.
2.3.2

Effects of tornado watches on daily activities
The effect of tornado watches on daily activities became the focal point of this

study once it was determined that community/government expenditures could not be
calculated for tornado watches. Similar to a tornado watch, the disruption of an activity
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has a cost, but is not easily determined due to many non-measurable factors. A total of
2,176 people participated in this portion of the study. The survey consisted of 32
questions. Five of the questions were dependent on whether the respondent had at least
one child in school and one question was dependent on whether the respondent was under
a tornado watch during 2016. Therefore, respondents were asked between 26 and 32
questions. The results of this study illustrate the importance of tornado watches and their
effects on daily activities. The survey and results were divided into five sections
including, weather knowledge, sources of weather information, actions during a tornado
watch, living conditions and whether or not the respondent has children in school, and
socio-demographics characteristics.
2.3.2.1

Weather knowledge
Respondents described their weather knowledge using a Likert-style response

ranging from ‘extremely knowledgeable’ to ‘not knowledgeable at all.’ Overall, the
responses were evenly distributed. Of the 2,128 responses, 44.17% (909) of the
respondents described their weather knowledge as ‘moderately knowledgeable’ followed
by ‘very knowledgeable’ and ‘slightly knowledgeable’ with 28.38% and 15.56%,
respectively (Figure 2.6).
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Figure 2.6

Perceived knowledge

To test the respondents perceived knowledge, respondents were asked to select all
of the choices that accurately described a tornado watch and a tornado warning as well as
the suggested actions associated with each. Respondents had seven choices to select from
when describing a tornado watch and a tornado warning. Three of the choices accurately
described a tornado watch and four of the choices accurately described a tornado
warning. Respondents had five choices to select from when describing the suggested
actions for a tornado watch and a tornado warning. Three of the choices were suggested
actions for a tornado watch and two of the choices were suggested actions for a tornado
warning. Respondents were graded on the number of choices accurately selected for each
question. For example, “Which of the following accurately describes a tornado watch?
Select all that apply.” If the respondent selected two choices that accurately described a
tornado watch and one choice that described a tornado warning, the respondent received a
total of 5 points for that question. The respondent was deducted one point for not
identifying the third correct description of a tornado watch and one point for incorrectly
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selecting a description for a tornado warning. Seven points were possible for the tornado
watch and tornado warning questions that described accuracy, and five points were
possible for the suggested action questions. Therefore, a total of 24 points were possible.
Each participant was given a letter grade based on the percentage of choices accurately
selected. Letter grades were based on a standard 10-point (100 – 90 = A, 89 – 80 = B, 79
– 70 = C, 69 – 60 = D, 59 – 0 = F) scale. The results of the perceived knowledge test
were highly skewed. Of the 2,176 responses, 42.51% (925) of the respondents received a
grade of an A and an additional 25.60% (557) received a grade of a B. 14.43% (314) of
the respondents received a grade of a D or F (Figure 2.7).

Figure 2.7

Letter grade from perceived knowledge test

55.23% (1,199) of the 2,171 respondents stated that tornadoes pose the greatest
threat/danger to them in their area, followed by damaging winds and floods with 23.86%
(518) and 9.40% (204), respectively (Figure 2.8). Of the 2,171 respondents, 68.08%
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(1,478) stated that they, or their community, received damage from a tornado in the past.
28.74% (624) of the respondents had not received damage and 3.18% (69) did not know.

Figure 2.8

Greatest weather threat/danger in the respondent’s area

Respondents were asked to identify if they were under a tornado watch during
2016. If the respondent selected ‘yes,’ a follow-up question was asked about the type of
severe weather that occurred in their area. Severe weather is defined as tornadoes, hail 1
inch in diameter or greater, and wind 58 mph or greater. Of the 2,175 responses, 84.28%
(1,833) of the respondents stated they were under a tornado watch in 2016. 9.66% (210)
of the respondents were not under a tornado watch and 6.07% (132) did not know. Of the
1,833 respondents who stated they were under a tornado watch in 2016, 97.05% (1779)
answered the follow-up question. Tornadoes, hail, and wind occurred in 46.88% (834),
44.97% (800), and 69.93% (1,244) of the respondents’ area, respectively. 17.88% (318)
of the respondents did not know if any severe weather occurred in their area. Since 2.86%
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(53) of the respondents did not respond it can be assumed that no severe weather
occurred in the respondents’ area.
2.3.2.2

Sources of weather information
Respondents were asked to identify all of the sources used to receive daily

weather information. The sources included the NWS, the SPC, NOAA weather radio,
local television (TV) meteorologist, The Weather Channel, local radio, other internet
sites, other social media pages, smartphone or tablet apps, and word of mouth. To
determine if the sources changed during severe weather, a similar question was asked
about tornado watches. Most respondents rely on TV meteorologists, the NWS, and
weather apps for daily weather information and information regarding a tornado watch
(Figure 2.9). For daily weather information, 76.36% (1,660) of the 2,174 respondents rely
on their local TV meteorologist, followed by the NWS and weather apps with 57.82%
(1,257) and 56.85% (1,236), respectively. For information regarding a tornado watch,
70.60% (1,532) of the 2,170 respondents rely on their local TV meteorologist, followed
by weather apps and the NWS with 57.93% (1,257) and 48.80% (1,059), respectively.
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Figure 2.9

2.3.2.3

Sources of weather information

Actions during a watch
52.23% (1,134) of the 2,171 respondents indicated that their normal daily

activities would change if a tornado watch was issued for their area. While under three
hypothetical severe weather watches, respondents rated their likelihood of continuing an
activity based on the length of the activity and the severity of the watch. Likert-style
responses were used to determine the respondent’s likelihood of continuing an activity.
For each severe weather watch, respondents rated their likelihood of continuing an
activity lasting 30 mins, 1 hour, 2 hours, 4 hours, and the entire duration of the watch. It
should be noted that the response rate for each watch and each activity varied. For each
hypothetical watch, respondents were asked how likely they would be to monitor the
weather.
For a severe thunderstorm watch, 47.88% of the respondents indicated that they
‘definitely would’ or ‘probably would’ continue an activity lasting any duration, while
38.87% ‘probably would not’ or ‘definitely would not.’ 13.25% were ‘not sure’ if they
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would continue the activity. 49.03%, 44.50%, and 32.28% of the respondents stated that
they ‘probably would’ continue an activity lasting 30 minutes, 1 hour, or 2 hours,
respectively. 25.85% of the respondents stated that they ‘probably would not’ continue an
activity lasting 4 hours followed by 24.97% indicating that they ‘definitely would not’
continue the activity. For an activity lasting the entire duration of the severe thunderstorm
watch, 29.16% of the respondents ‘definitely would not’ continue the activity (Figure
2.10). During a severe thunderstorm watch, 84.94% of the respondents ‘definitely would
monitor the weather.’

Figure 2.10

Likelihood of continuing an activity during a severe thunderstorm watch

For a tornado watch, 33.02% of the respondents indicated that they ‘definitely
would’ or ‘probably would’ continue an activity lasting any duration, while 54.76%
‘probably would not’ or ‘definitely would not.’ 12.23% were ‘not sure’ if they would
continue the activity. 37.44% and 33.44% of the respondents indicated that they
‘probably would’ continue an activity lasting 30 minutes and 1 hour, respectively.
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30.94% of the respondents stated that they ‘probably would not’ continue an activity
lasting 2 hours. For an activity lasting 4 hours or the entire duration of the tornado watch,
35.72% and 40.91% of the respondents ‘definitely would not’ continue the activity,
respectively (Figure 2.11). During a tornado watch, 92.32% of the respondents ‘definitely
would monitor the weather.’

Figure 2.11

Likelihood of continuing an activity during a tornado watch

For a PDS tornado watch, 12.64% of the respondents indicated that they
‘definitely would’ or ‘probably would’ continue an activity lasting any duration, while
79.13% ‘probably would not’ or ‘definitely would not.’ 8.23% were ‘not sure’ if they
would continue the activity. 44.32%, 51.60%, 58.92%, 63.57%, and 66% of the
respondents indicated that they ‘definitely would not’ continue an activity lasting 30
minutes, 1 hour, 2 hours, 4 hours, or the entire duration of the PDS tornado watch,
respectively (Figure 2.12). During a PDS tornado watch, 96.52% of the respondents
‘definitely would monitor the weather.’
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Figure 2.12

Likelihood of continuing an activity during PDS tornado watch

To determine how the length of an activity and the severity of the watch affected
the respondents’ decisions, means were compared. Lower averages represent a higher
likelihood of continuing an activity, while higher averages indicate a higher likelihood of
not continuing an activity. A one-way repeated measures analysis of variance (ANOVA)
was conducted to identify the statistical difference between the respondents’ likelihood to
continue an activity based on the length of each activity. The dependent variable was the
respondents’ likelihood of continuing an activity, while the lengths of each activity were
the independent variables. The independent variables were 30 minutes, 1 hour, 2 hours, 4
hours, and the entire duration of the watch. A Bonferroni adjustment was applied to
minimize the effects of a Type 1 error by lowering the alpha value. A Type 1 error is the
incorrect rejection of the null hypothesis. When a Bonferroni correction is applied, the
alpha value is set for all the comparisons by dividing the alpha value by the number of
comparisons conducted. The alpha value, also known as the significance level, is the
probability of rejecting the null hypothesis if it is true. For each severe weather watch, the
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likelihood of continuing an activity decreased as the duration of the activity increased
(Table 2.5). A pairwise comparison was used to determine the statistical significance
between each variable.
Table 2.5

Mean response variation between activity duration

30 minutes
1 hour
2 hours
4 hours
Entire watch

Severe Thunderstorm Watch
2.36
2.60
3.01
3.32
3.39

Tornado Watch
2.82
3.13
3.51
3.75
3.83

PDS Tornado Watch
3.86
4.08
4.27
4.36
4.39

For a severe thunderstorm watch, there was a significant effect of the length of the
activity on the respondents’ likelihood of continuing an activity (N = 2,110), Wilk’s
Lambda = 0.566, F (4, 2,106) = 403.815, p < 0.0005. The sample size is represented by
“N.” The Wilk’s Lambda value is the result of a multivariate test that measures the ratio
between the independent variable and the dependent variable. This value ranges from 0 to
1; a lower value indicates a greater effect of the independent variable on the dependent
variable. The F-test determines if the expected values of each group within the
independent variable differs from each other. The F-test is calculated by dividing the
explained variance by the unexplained variance. The values within the parentheses
represents the two degrees of freedom or the number of values that are free to vary in the
dataset. The first value, degrees of freedom one (df1), is calculated by subtracting one
from the number of groups within the independent variable. The second value, degrees of
freedom two (df2), is calculated by subtracting number of groups allowed to vary by the
sample size. The p-value (p) represents the probability of obtaining a value that is outside
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the range of the observed values. The greatest mean difference, 1.031, occurred between
30 minutes and the entire duration of the watch, while the smallest mean difference,
0.070 occurred between 2 hours and 4 hours. For a severe thunderstorm watch, as the
length of the activity increased, the likelihood of a respondent continuing an activity
decreased. Each independent variable was statistically significantly different from every
other independent variable (Table 2.6).
Table 2.6

Severe thunderstorm watch pairwise comparison

Severe Time A

Severe Time B Mean Difference (A-B) Error
Sig.
*
1 hour
-.238
0.014 0.000
2 hours
-.652*
0.020 0.000
30 minutes
*
4 hours
-.961
0.025 0.000
Entire watch
-1.031*
0.026 0.000
*
30 minutes
.238
0.014 0.000
*
2 hours
-.414
0.015 0.000
1 hour
4 hours
-.723*
0.021 0.000
*
Entire watch
-.793
0.023 0.000
30 minutes
.652*
0.020 0.000
*
1 hour
.414
0.015 0.000
2 hours
*
4 hours
-.309
0.013 0.000
Entire watch
-.379*
0.017 0.000
*
30 minutes
.961
0.025 0.000
1 hour
.723*
0.021 0.000
4 hours
*
2 hours
.309
0.013 0.000
Entire watch
-.070*
0.011 0.000
*
30 minutes
1.031
0.026 0.000
*
1 hour
.793
0.023 0.000
Entire watch
2 hours
.379*
0.017 0.000
*
4 hours
.070
0.011 0.000
The asterisk in the “mean difference” column indicates that Time A is statistically
significantly different from the Time B variables.
For a tornado watch, there was a significant effect of the length of the activity on
the respondents’ likelihood of continuing an activity (N = 2,102), Wilk’s Lambda =
0.585, F (4, 2,098) = 372.846, p < 0.0005. The greatest mean difference, 1.003, occurred
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between 30 minutes and the entire duration of the watch, while the smallest mean
difference, 0.081 occurred between 2 hours and 4 hours. For a tornado watch, as the
length of the activity increased, the likelihood of a respondent continuing an activity
decreased. Each independent variable was statistically significantly different from every
other independent variable (Table 2.7).
Table 2.7

Tornado watch pairwise comparison

TOR Time A

TOR Time B Mean Difference (A-B) Error Significance
1 hour
-.302*
0.014
0.000
2 hours
-.683*
0.021
0.000
30 minutes
4 hours
-.922*
0.024
0.000
Entire watch
-1.003*
0.026
0.000
30 minutes
.302*
0.014
0.000
2 hours
-.381*
0.015
0.000
1 hour
4 hours
-.620*
0.020
0.000
Entire watch
-.701*
0.022
0.000
30 minutes
.683*
0.021
0.000
1 hour
.381*
0.015
0.000
2 hours
4 hours
-.239*
0.012
0.000
Entire watch
-.320*
0.014
0.000
30 minutes
.922*
0.024
0.000
1 hour
.620*
0.020
0.000
4 hours
2 hours
.239*
0.012
0.000
Entire watch
-.081*
0.009
0.000
30 minutes
1.003*
0.026
0.000
1 hour
.701*
0.022
0.000
Entire watch
2 hours
.320*
0.014
0.000
4 hours
.081*
0.009
0.000
The asterisk in the “mean difference” column indicates that Time A is statistically
significantly different from the Time B variables.
For a PDS tornado watch, there was a significant effect of the length of the
activity on the respondents’ likelihood of continuing an activity (N = 2,080), Wilk’s
Lambda = 0.755, F (4, 2,076) = 168.6, p < 0.0005. The greatest mean difference, 0.538,
occurred between 30 minutes and the entire duration of the watch, while the smallest
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mean difference, 0.029 occurred between 2 hours and 4 hours. For a PDS tornado watch,
as the length of the activity increased, the likelihood of a respondent continuing an
activity decreased. Each independent variable was statistically significantly different
from every other independent variable (Table 2.8).
Table 2.8

PDS tornado watch pairwise comparison

PDS Time A

PDS Time B Mean Difference (A-B) Error Significance
1 hour
-.223*
0.013
0.000
*
2 hours
-.412
0.017
0.000
30 minutes
4 hours
-.509*
0.020
0.000
*
Entire watch
-.538
0.021
0.000
30 minutes
.223*
0.013
0.000
*
2 hours
-.189
0.011
0.000
1 hour
4 hours
-.286*
0.014
0.000
*
Entire watch
-.315
0.016
0.000
*
30 minutes
.412
0.017
0.000
1 hour
.189*
0.011
0.000
2 hours
*
4 hours
-.097
0.008
0.000
Entire watch
-.125*
0.011
0.000
*
30 minutes
.509
0.020
0.000
1 hour
.286*
0.014
0.000
4 hours
*
2 hours
.097
0.008
0.000
*
Entire watch
-.029
0.007
0.001
30 minutes
.538*
0.021
0.000
*
1 hour
.315
0.016
0.000
Entire watch
2 hours
.125*
0.011
0.000
*
4 hours
.029
0.007
0.001
The asterisk in the “mean difference” column indicates that Time A is statistically
significantly different from the Time B variables.
A one-way repeated measures ANOVA (analysis of variance) was conducted to
identify the statistical difference between the respondents’ likelihood to continue an
activity based on the severity of the watch. The dependent variable was the respondents’
likelihood to continue an activity, while the severities of each watch were the
independent variables. The independent variables were severe thunderstorm watch,
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tornado watch, and PDS tornado watch. A Bonferroni confidence interval adjustment was
applied to minimize the effects of a Type 1 error, making the p-value more stringent. The
likelihood of continuing an activity decreased for each activity as the severity of the
severe weather watch increased (Table 2.9). A pairwise comparison was used to compare
the means of the independent variables.
Table 2.9

Mean response variation between watch severity

Severe Thunderstorm Watch
Tornado watch
PDs tornado watch

30 minutes
2.36
2.82
3.86

1 hour
2.59
3.12
4.08

2 hours
3.00
3.50
4.27

4 hours Entire watch
3.32
3.39
3.74
3.83
4.37
4.40

For an activity lasting 30 minutes, there was a significant effect of the severity of
the watch on the respondents’ likelihood of continuing an activity (N = 2,129), Wilk’s
Lambda = 0.417, F (2, 2,127) = 1,485.738, p < 0.0005. The greatest mean difference,
1.491, occurred between a severe thunderstorm watch and a PDS tornado watch, while
the smallest mean difference, 0.458, occurred between a severe thunderstorm watch and a
tornado watch (Table 2.10). As the severity of the watch increased, the likelihood of a
respondent continuing an activity lasting 30 minutes decreased. Each independent
variable was statistically significantly different from every other independent variable.
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Table 2.10

30-minute activity pairwise comparison

30 Minute Activity 1

30 Minute Activity 2

Mean Difference (1-2) Error

Sig.

Tornado Watch
-.458*
0.022 0.000
PDS Watch
-1.491*
0.028 0.000
Severe Watch
.458*
0.022 0.000
Tornado Watch
PDS Watch
-1.033*
0.025 0.000
Severe Watch
1.491*
0.028 0.000
PDS Watch
Tornado Watch
1.033*
0.025 0.000
The asterisk in the “mean difference” column indicates that Time A is statistically
significantly different from the Time B variables.
Severe Watch

For an activity lasting 1 hour, there was a significant effect of the severity of the
watch on the respondents’ likelihood of continuing an activity (N = 2,090), Wilk’s
Lambda = 0.406, F (2, 2,088) = 1,529.360, p < 0.0005. The greatest mean difference,
1.486, occurred between a severe thunderstorm watch and a PDS tornado watch, while
the smallest mean difference, 0.523, occurred between a severe thunderstorm watch and a
tornado watch (Table 2.11). As the severity of the watch increased, the likelihood of a
respondent continuing an activity lasting 1 hour decreased. Each independent variable
was statistically significantly different from every other independent variable.
Table 2.11

1-hour activity pairwise comparison

1 Hour Activity A

1 Hour Activity B

Mean Difference (A-B)

Error

Sig.

Tornado Watch
-.523*
0.022 0.000
PDS Watch
-1.486*
0.027 0.000
Severe Watch
.523*
0.022 0.000
Tornado Watch
PDS Watch
-.962*
0.023 0.000
Severe Watch
1.486*
0.027 0.000
PDS Watch
Tornado Watch
.962*
0.023 0.000
The asterisk in the “mean difference” column indicates that Time A is statistically
significantly different from the Time B variables.
Severe Watch
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For an activity lasting 2 hours, there was a significant effect of the severity of the
watch on the respondents’ likelihood of continuing an activity (N = 2,083), Wilk’s
Lambda = 0.467, F (2, 2,081) = 1,188.934, p < 0.0005. The greatest mean difference,
1.267, occurred between a severe thunderstorm watch and a PDS tornado watch, while
the smallest mean difference, 0.501, occurred between a severe thunderstorm watch and a
tornado watch (Table 2.12). As the severity of the watch increased, the likelihood of a
respondent continuing an activity lasting 2 hours decreased. Each independent variable
was statistically significantly different from every other independent variable.
Table 2.12

2-hour activity pairwise comparison

2 Hour Activity A

2 Hour Activity B

Mean Difference (A-B)

Error

Sig.

Tornado Watch
-.501*
0.021 0.000
PDS Watch
-1.267*
0.026 0.000
Severe Watch
.501*
0.021 0.000
Tornado Watch
PDS Watch
-.767*
0.021 0.000
Severe Watch
1.267*
0.026 0.000
PDS Watch
Tornado Watch
.767*
0.021 0.000
The asterisk in the “mean difference” column indicates that Time A is statistically
significantly different from the Time B variables.
Severe Watch

For an activity lasting 4 hours, there was a significant effect of the severity of the
watch on the respondents’ likelihood of continuing an activity (N = 2,085), Wilk’s
Lambda = 0.562, F (2, 2,083) = 812.530, p < 0.000. The greatest mean difference, 1.049,
occurred between a severe thunderstorm watch and a PDS tornado watch, while the
smallest mean difference, 0.425, occurred between a severe thunderstorm watch and a
tornado watch (Table 2.13). As the severity of the watch increased, the likelihood of a
respondent continuing an activity lasting 4 hours decreased. Each independent variable
was statistically significantly different from every other independent variable.
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Table 2.13

4-hour activity pairwise comparison

4 Hour Activity A

4 Hour Activity B

Mean Difference (A-B)

Error

Sig.

Tornado Watch
-.425*
0.021 0.000
PDS Watch
-1.049*
0.026 0.000
Severe Watch
.425*
0.021 0.000
Tornado Watch
PDS Watch
-.624*
0.021 0.000
Severe Watch
1.049*
0.026 0.000
PDS Watch
Tornado Watch
.624*
0.021 0.000
The asterisk in the “mean difference” column indicates that Time A is statistically
significantly different from the Time B variables.
Severe Watch

For an activity lasting the entire duration of the watch, there was a significant
effect of the severity of the watch on the respondents’ likelihood of continuing an activity
(N = 2,072), Wilk’s Lambda = 0.598, F (2, 2,070) = 697.018, p < 0.0005. The greatest
mean difference, 1.012, occurred between a severe thunderstorm watch and a PDS
tornado watch, while the smallest mean difference, 0.440, occurred between a severe
thunderstorm watch and a tornado watch (Table 2.14). As the severity of the watch
increased, the likelihood of a respondent continuing an activity lasting the entire duration
of the watch decreased. Each independent variable was statistically significantly different
from every other independent variable.
Table 2.14

Entire duration of the watch pairwise comparison

Entire Watch Activity A
Severe Watch
Tornado Watch
PDS Watch

Entire Watch Activity B

Mean Difference (A-B)

Error

Sig.

Tornado Watch
PDS Watch
Severe Watch
PDS Watch
Severe Watch
Tornado Watch

-.440*
-1.012*
.440*
-.571*
1.012*
.571*

0.021
0.027
0.021
0.021
0.027
0.021

0.000
0.000
0.000
0.000
0.000
0.000

The asterisk in the “mean difference” column indicates that Time A is statistically
significantly different from the Time B variables.
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The threshold for not continuing an activity was calculated for a severe
thunderstorm watch, a tornado watch, and a PDS tornado watch. The threshold was
calculated by looking at the first time a respondent would not continue an activity. For a
severe thunderstorm watch, 39.87% (494) of the 1,239 respondents would not continue
an activity lasting 30 minutes or longer. For a tornado watch, 53.14% (796) of the 1,498
respondents would not continue an activity lasting 30 minutes or longer. For a PDS
tornado watch, 81.15% (1,494) of the 1,841 respondents would not continue an activity
lasting 30 minutes or longer (Table 2.15).
Table 2.15

Threshold for not continuing an activity

Threshold
30 minutes
1 hour
2 hours
4 hours
Entire duration

2.3.2.4

Severe
39.87%
11.54%
22.36%
19.45%
6.78%

Tornado
53.14%
13.42%
18.22%
12.22%
3.00%

PDS
81.15%
7.22%
7.55%
3.15%
0.92%

Children
36.72% (796) of the 2,168 respondents have at least one child in school. Of the

780 responses, 48% (374) of the respondents have at least one child in pre-school,
followed by high school, middle school, and elementary school with 35.90% (280),
28.08% (219), and 24.49% (191), respectively. A majority of the respondents, 64.98%
(514) of the 791 responses, indicated that someone in their household provides
transportation to and from school (Table 2.16).
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Table 2.16

Transportation to and from school
Responses
514
244
122
52
40
9
5
1
1
1

Household
Bus
Own Vehicle
Carpool
Walk
Homeschool
Other
Boarding School
Daycare Van
Public Transportation

Percent
64.98%
30.85%
15.42%
6.57%
5.06%
1.14%
0.63%
0.13%
0.13%
0.13%

90.05% (715) of the 794 respondents stated that their school district has a severe
weather plan, while 0.63% stated the school does not (Table 2.17). A majority of the
respondents, 61.16% (485) out of 793 responses, indicated that their child (or children) is
(are) not sent home from school if there is a threat of tornadoes (Table 2.18). If there is a
threat of tornadoes, 42.30% (335) of the 792 respondents feel that their child (or children)
would be safer at home, while 36.62% (290) feel that they would be safer at school
(Table 2.19).
Table 2.17

Does the school district have a severe weather plan?
Severe weather plan?
Yes
I don't know
No
Other
Homeschooled
Private school

Responses
715
70
5
2
1
1
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Percent
90.05%
8.82%
0.63%
0.25%
0.13%
0.13%

Table 2.18

Is your child sent home if there is a threat of tornadoes?
Child sent home?
No
Yes
I don't know
Depends on the situation
Homeschool
Other
No threat of tornadoes
Situation has not occurred

Table 2.19

Responses
483
189
75
34
5
3
1
1

Do you think your child would be safer at home or at school if there is a
threat of tornadoes?
Safer at home or at school?
They would be safer at home
They would be safer at school
I don't know
Both
Other

2.3.2.5

Percent
60.91%
23.83%
9.46%
4.29%
0.63%
0.38%
0.13%
0.13%

Responses
335
290
134
18
15

Percent
42.30%
36.62%
16.92%
2.27%
1.89%

Socio-demographics
Socio-demographic questions were asked to better understand the survey sample.

Of the 2,161 respondents, 65.39% (1,413) were female and 34.61% (748) were male. Of
the 2,065 respondents, 24.41% (504) were between the ages of 18-30, 24.84% (513) were
between 31-40, 22.08% (456) were between 41-50, and 28.67% (592) were 51 or older.
Of the 95.65% (2,065) of the 2,168 respondents described themselves as white, followed
by other (no preference) and black or African American with 1.67% and 1.48%,
respectively (Table 2.20). 86.84% (1880) of the 2,165 respondents live with at least one
other person. 32.93% (713) of the respondents live in a household with a total of two
people, followed by three people and four people with 22.86% (495) and 20.51% (444),
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respectively. A majority of the respondents are educated. 77.05% (1,662) of the 2,157
respondents attended post-secondary education. 32.36% (698) of the respondents
received a bachelor’s degree, followed by 25.59% (552) receiving a graduate degree
(Master’s or Doctorate).
Table 2.20

Race
Race
White
Other (no preference)
Black or African American
American Indian or Alaska Native
Asian
Multi-racial
Hispanic
Latino
Native Hawaiian or Pacific Islander

Table 2.21

Responses
2065
36
32
10
9
3
3
1
0

Percent
95.65%
1.67%
1.48%
0.46%
0.42%
0.14%
0.14%
0.05%
0.00%

Household members
Household members
I live by myself
2
3
4
5
6 or more people

Responses
285
713
495
444
165
63
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Percent
13.16%
32.93%
22.86%
20.51%
7.62%
2.91%

Table 2.22

Education

Education
Some high school, no degree
High school diploma or equivalent
Some college or in progress
Vocational school or certificate
Other
Associate's degree
Bachelor's degree
Graduate degree (Master's or Doctorate)

Responses
20
463
55
19
12
338
698
552

Percent
0.93%
21.47%
2.55%
0.88%
0.56%
15.67%
32.36%
25.59%

To better analyze regional differences between the respondents, zip codes were
imported into GIS and grouped into the nine U.S. climate regions (Karl and Koss, 1994)
(Figure 2.13). 2,009 respondents provided a current zip code in the contiguous United
States. The largest percentage of respondents were from the South, the Southeast, and the
Ohio Valley with 39.01% (783), 29.20% (586), and 22.17% (445), respectively (Table
2.23). 52.17% (1,133) of the 2,166 respondents have lived in their current zip code for at
least 10 years.

110

Figure 2.13

U.S. climate regions

Table 2.23

Respondents by U.S. climate regions
Region
Northwest
West
Northern Rockies and Plains
Southwest
South
Upper Midwest
Ohio Valley
Southeast
Northeast
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Respondents
3
11
17
21
783
74
445
587
67

Percent
0.15%
0.55%
0.85%
1.05%
38.99%
3.69%
22.16%
29.23%
3.34%

Table 2.24

Current zip code
Current zip code
Less than 1 year
1 - 2 years
3 - 4 years
5 - 6 years
7 - 8 years
9 - 10 years
More than 10 years

Responses
149
253
247
164
118
105
1,130

Percent
6.88%
11.68%
11.40%
7.57%
5.45%
4.85%
52.17%

Of the 2,175 respondents, 84.28% (1,833) indicated that they were under a
tornado watch during 2016, while 9.66% (210) said they were not. The remaining 6.07%
(132) did not know if they were under a tornado watch during 2016. 92.37% (2009) of
the 2,175 respondents provided their zip code. The respondent’s zip code point shapefile
was compared to the 2016 tornado watch shapefile to determine if the respondent’s
location was under a tornado watch during 2016.
Of the 2009 respondents who provided their current zip code, 84.27% (1,693) said
they were under a tornado watch during 2016, 9.56% (192) said they were not under a
tornado watch, and 6.17% (124) did not know. For the 1,693 respondents that indicated
they were under a tornado watch during 2016, 93.92% (1,590) were correct and 6.48%
(103) were incorrect. Only 26.04% (50) of the 192 respondents that stated they were not
under a tornado watch were correct, the remaining 73.56% (142) were under a tornado
watch. 84.68% (105) of the 124 respondents that did not know if they were under a
tornado watch were under a tornado watch in 2016, the remaining 15.32% (19) did not
experience a tornado watch. Overall, 81.63% (1640) of the 2009 respondents correctly
identified if they were under a tornado watch during 2016 (Figure 2.14) (Table 2.25).
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Figure 2.14

Correct or incorrect identification of being under a tornado watch in 2016

The blue dots represent the respondents’ locations that correctly identified if they were
under a tornado watch during 2016. The red dots represent the respondents’ locations that
incorrectly identified if they were under a tornado watch.
Table 2.25

Correct and incorrect identification of being under a tornado watch in 2016

Under Watch
Yes
No
I don’t know

2.3.2.6

Responses
1693
192
124

Correct
1590
50
0

% Correct
93.92%
26.04%
0%

Incorrect
103
142
124

% Incorrect
6.08%
73.96%
100%

Statistical Significance
Parametric and nonparametric tests were used to determine if any statistical

significance existed between two or more groups of data. Parametric tests assume that the
data are normally distributed, while nonparametric tests do not. A Shapiro-Wilk’s test
was used to determine if the data were normally distributed. A statistically significant, p
113

< 0.05, Shapiro-Wilk’s value indicates that the data is not normally distributed. Since the
data in this part of study were not normally distributed, nonparametric tests were used to
test statistical significance.
A Mann-Whitney U test or a Kruskal-Wallis H test were used to determine if any
statistically significant differences existed between the groups of each independent
variable. A Mann-Whitney U test was performed if there were only two groups, while a
Kruskal-Wallis H test was performed if there were three or more groups. The MannWhitney U test and the Kruskal-Wallis H test compare the medians of each group within
the independent variable. The Mann-Whitney U test and the Kruskal-Wallis H test are the
nonparametric alternatives to the independent samples t-test and the one-way ANOVA,
respectively. Since the dependent variable was not normally distributed between the
groups of the independent variable, an independent samples t-test or a one-way ANOVA
could not be used. If the Kruskal-Wallis H test was statistically significant, p ≤ 0.05, a
post hoc test was calculated in SPSS using Dunn’s procedure with a Bonferroni
correction. Post hoc tests were not calculated if the Kruskal-Wallis H test was not
significantly unique. A post hoc test determines which groups are statistically
significantly different from each other.
To determine if specific variables affect a respondent’s knowledge of the weather,
statistical tests were examined. The respondent’s perceived knowledge and understanding
of tornado watches and tornado warnings were analyzed. The independent variables
examined in this study were: the respondent’s perceived weather knowledge, the
respondent’s letter grade on the perceived knowledge test, the greatest weather threat in
respondent’s area, whether or not the respondent was previously impacted by a tornado,
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whether or not the respondent was under a tornado watch during 2016, whether or not the
respondent’s normal activities would change if he or she was under a tornado watch,
whether or not the respondent has children, the respondent’s climate region, how long the
respondent has lived in his or her current zip code, how many people live in the
respondent’s household, the respondent’s race, the respondent’s sex, the respondent’s
age, and the respondent’s education.
An independent t-test or a Kruskal-Wallis H test was used to determine if any
statistically significant differences existed between the groups of each independent
variable. An independent t-test was performed if there were only two groups, while a
Kruskal-Wallis H test was performed if there were three or more groups. The
independent t-test compares the means of the two groups, while the Kruskal-Wallis H test
compares the medians of the groups. The Kruskal-Wallis H test is the nonparametric
alternative to the one-way ANOVA. Since the dependent variable was not normally
distributed between the groups of the independent variable, a one ANOVA could not be
analyzed. If the Kruskal-Wallis H test was statistically significant, p ≤ 0.05, a post hoc
test was calculated in SPSS using Dunn’s procedure with a Bonferroni correction. Post
hoc tests were not calculated if the Kruskal-Wallis H test was not significantly unique.
For the respondent’s perceived knowledge, several of the independent variables
were statistically significant including the respondent’s letter grade on the perceived
knowledge test, the greatest weather threat in respondent’s area, whether or not the
respondent was previously impacted by a tornado, whether or not the respondent was
under a tornado watch during 2016, the respondent’s climate region, the respondent’s age
group, the respondent’s education (Table 2.26), and the respondent’s sex (Table 2.27).
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Table 2.26

Perceived knowledge – Kruskal-Wallis H test

Question
Letter Grade
Weather Threat
Impacted
Under Watch
Region
Current Zip Code
Household
Race
Age
Education

Table 2.27

Statistic Type
Kruskal-Wallis
Kruskal-Wallis
Kruskal-Wallis
Kruskal-Wallis
Kruskal-Wallis
Kruskal-Wallis
Kruskal-Wallis
Kruskal-Wallis
Kruskal-Wallis
Kruskal-Wallis

N
2128
2125
2125
2128
1975
2121
2119
2113
2065
2112

Test Statistic
261.69
16.91
17.09
64.44
40.07
11.35
5.16
7.66
8.08
37.42

DOF
4
6
2
2
8
6
5
4
3
7

Sig.
0.000*
0.010*
0.000*
0.000*
0.000*
0.08
0.40
0.11
0.044*
0.000*

Perceived knowledge – independent-test

Question
Activities
Children
Sex

Statistic Type
T-test
T-test
Mann-Whitney

Variance
0.460
0.299

Result
t = -1.20
t = -0.12
U = 678,858

DOF
2124
2120

Sig
0.23
0.91
0.000

A Kruskal-Wallis H test was used to determine the relationship of the
respondent’s letter grade and perceived knowledge. Respondents who received a higher
letter grade on the perceived knowledge test had a higher perceived knowledge of the
weather than those who received a lower letter grade. Respondents who received an ‘A’
had a perceived knowledge median value of 2.00, while respondents who received a ‘B,’
‘C,’ ‘D,’ or ‘F’ had a median value of 3.00 (Table 2.28). A value of 1.00 represents
‘extremely knowledgeable, while a value of 5 represents ‘not knowledgeable at all.’
There was a significant effect of the respondent’s letter grade on perceived knowledge, x2
(4) = 261.69, p < 0.0005 (Table 2.26). According to the post hoc test, there was a
statistically significant difference between a letter grade of ‘A’ and every other letter
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grade (p < 0.0005), ‘B’ and ‘F’ (p < 0.0005), ‘C’ and ‘F’ (p = 0.001), and ‘D’ and ‘F’ (p
= 0.02).
Table 2.28

Letter grade

Letter Grade
F
D
C
B
A
Total

Letter Grade on Knowledge Test
N
Median Mean Std. Deviation
150
3.00
3.36
0.86
154
3.00
3.03
0.85
367
3.00
2.99
0.82
547
3.00
2.83
0.82
910
2.00
2.36
0.88
2128
3.00
2.71
0.91

Std. Error
0.07
0.07
0.04
0.04
0.03
0.02

A Kruskal-Wallis H test was used to determine the effect of the respondent’s
greatest weather threat in his or her area on perceived knowledge. Respondents who
identified floods as the greatest weather threat in their area had a perceived knowledge
median value of 2.00, while respondents who identified any other weather threat had a
median value of 3.00 (Table 2.29). There was a significant effect of the respondent’s
greatest weather threat on perceived knowledge, x2 (6) = 16.91, p = 0.01 (Table 2.26).
According to the post hoc test, there was a statistically significant difference between
floods and tornadoes (p = 0.004) and floods and damaging winds (p = 0.003).
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Table 2.29

Greatest weather threat vs. perceived knowledge

Greatest Weather Threat vs. Perceived Knowledge
Weather Event
N
Median Mean
Std. Deviation
Floods
199
2.00
2.48
1.08
Hurricanes
80
3.00
2.64
0.98
Blizzards
73
3.00
2.66
1.04
Tornadoes
1174
3.00
2.73
0.87
Damaging winds
511
3.00
2.76
0.87
Ice storms
54
3.00
2.67
0.99
Other
34
3.00
2.77
0.99
Total
2125
3.00
2.71
0.91

Std. Error
0.08
0.11
0.12
0.03
0.04
0.14
0.17
0.02

A Kruskal-Wallis H test was used to determine the effect of the respondent’s
previous impacts with a tornado on perceived knowledge. The perceived knowledge
median value for a respondent selecting ‘yes,’ ‘no,’ and ‘I don’t know’ was 3.00 (Table
2.30). There was a significant effect of the respondent’s previous impacts with a tornado
on perceived knowledge, x2 (2) = 17.09, p < 0.0005 (Table 2.26). According to the post
hoc test, statistically significant differences existed between ‘yes’ and ‘I don’t know’ (p <
0.0005) and ‘no’ and ‘I don’t know’ (p = 0.001).
Table 2.30

Previously impacted by a tornado vs. perceived knowledge

Previously Impacted by a Tornado vs. Perceived Knowledge
Impacted
N
Median Mean Std. Deviation Std. Error
Yes
1451
3.00
3.32
0.89
0.02
No
605
3.00
3.27
0.94
0.04
I don't know
69
3.00
2.86
0.97
0.12
Total
2125
3.00
3.29
0.91
0.02

A Kruskal-Wallis H test was used to determine the effect of the respondent’s
response to being under a tornado watch in 2016 on perceived knowledge. The perceived
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knowledge median value for a respondent selecting ‘yes,’ ‘no,’ and ‘I don’t know’ was
3.00 (Table 2.31). There was a significant effect of the respondent’s response to being
under a tornado watch in 2016 on perceived knowledge, x2 (2) = 64.44, p < 0.0005 (Table
2.26). According to the post hoc test, statistically significant differences existed between
‘yes’ and ‘no’ (p < 0.0005) and ‘yes’ and ‘I don’t know’ (p < 0.0005).
Table 2.31

Under a tornado watch in 2016 vs. perceived knowledge

Under Tornado Watch in 2016 vs. Perceived Knowledge
Under Watch
N
Median
Mean
Std. Deviation
Yes
1796
3.00
2.64
0.89
No
202
3.00
3.06
0.90
I don't know
130
3.00
3.15
0.98
Total
2128
3.00
2.71
0.91

Std. Error
0.02
0.06
0.09
0.02

A Kruskal-Wallis H test was used to determine the effect of the respondent’s
climate region on perceived knowledge. Respondents living in the Northeast and the
Northern Rockies and Plains had a perceived knowledge median value of 2.00, while
respondents living in the other seven regions had a median value of 3.00 (Table 2.32).
There was a significant effect of the respondent’s climate region on perceived
knowledge, x2 (8) = 40.07, p < 0.0005 (Table 2.26). According to the post hoc test,
statistically significant differences existed between the South and the Southeast (p <
0.0005).
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Table 2.32

U.S. climate regions vs. perceived knowledge

U.S. Climate Regions vs. Perceived Knowledge
Climate Regions
N
Median Mean Std. Deviation
Northwest
3
3.00
87.50
7.22
West
11
3.00
76.14
13.32
Northern Rockies and
Plains
17
2.00
80.15
19.29
Southwest
21
3.00
84.92
12.74
South
783
3.00
82.52
15.51
Upper Midwest
74
3.00
83.11
15.62
Ohio Valley
445
3.00
83.71
14.80
Southeast
587
3.00
87.03
12.96
Northeast
67
2.00
80.72
16.36
Total
2008
3.00
84.04
14.80

Std. Error
4.17
4.02
4.68
2.78
0.55
1.82
0.70
0.54
2.00
0.33

A Mann-Whitney U test was used to determine the effect of the respondent’s sex
on perceived knowledge. Median scores for men (2.00) and women (3.00) were
statistically significantly different, U = 679,858, z = 13.993, p < 0.0005 (Table 2.26). The
‘z’ value, or standard error, indicates the number of standard deviations from the mean.
The mean scores for men and women were 2.32 and 2.91, respectively.
A Kruskal-Wallis H test was used to determine the effect of the respondent’s age
group on perceived knowledge. All age groups had a perceived knowledge median value
of 3.00 (Table 2.33). There was a significant effect of the respondent’s age group on
perceived knowledge, x2 (3) = 8.08, p = 0.04 (Table 2.26). According to the post hoc test,
statistically significant differences did not exist between any of the four age groups (p >
0.05). This could be due to the more stringent alpha value of the Bonferroni correction.
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Table 2.33

Age group vs. perceived knowledge

Age Group
30 and Under
31 – 40
41 – 50
51 and Over
Total

Age Group vs. Perceived Knowledge
N
Median Mean Std. Deviation
504
3.00
2.76
1.05
513
3.00
2.63
0.87
456
3.00
2.67
0.86
592
3.00
2.75
0.85
2065
3.00
2.71
0.91

Std. Error
0.05
0.04
0.04
0.04
0.02

A Kruskal-Wallis H test was used to determine the effect of the respondent’s
education on perceived knowledge. All education levels had the perceived knowledge
median value of 3.00 (Table 2.34). There was a significant effect of the respondent’s
education on perceived knowledge, x2 (7) = 37.42, p < 0.0005 (Table 2.26). According to
the post hoc test, statistically significant differences existed between a graduate degree
and an Associate’s degree (p = 0.009), a graduate degree and a high school diploma (p =
0.002), a Bachelor’s degree and an Associate’s degree (p = 0.024), and a Bachelor’s
degree and a high school diploma (p = 0.004).
Table 2.34

Education vs. perceived knowledge

Highest Level of Education Completed vs. Perceived Knowledge
Education
N
Median
Mean
Std. Deviation
Some high school, no degree
20
3.00
3.10
0.79
High school diploma or equivalent
452
3.00
2.83
0.94
Associate's degree
334
3.00
2.83
0.87
Bachelor's degree
684
3.00
2.62
0.87
Graduate degree (Master's or Doctorate) 537
3.00
2.59
0.94
Other
10
3.00
3.00
0.94
Some college or in progress
55
3.00
2.95
0.93
Vocational school or certificate
20
3.00
2.70
0.73

Std. Error
0.18
0.04
0.05
0.03
0.04
0.30
0.13
0.16

For the perceived knowledge test, several independent variables were statistically
significant including the respondent’s perceived knowledge, the greatest weather threat in
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respondent’s area, whether or not the respondent was previously impacted by a tornado,
whether or not the respondent was under a tornado watch during 2016, the respondent’s
climate region, the respondent’s age, the respondent’s education (Table 2.26), whether or
not the respondent’s activities would change if a tornado watch was issued, and the
respondent’s sex (Table 2.27).
Table 2.35

Knowledge test – Kruskal-Wallis H test

Question
Knowledge
Weather Threat
Impacted
Under Watch
Region
Current Zip Code
Household
Race
Age
Education

Table 2.36
Question
Activities
Children
Sex

Statistic Type
Kruskal-Wallis
Kruskal-Wallis
Kruskal-Wallis
Kruskal-Wallis
Kruskal-Wallis
Kruskal-Wallis
Kruskal-Wallis
Kruskal-Wallis
Kruskal-Wallis
Kruskal-Wallis

N
2128
2171
2171
2175
2008
2166
2165
2159
2105
2158

Test Statistic
342.57
20.94
14.64
90.76
49.24
10.79
2.15
7.71
41.80
68.84

DOF
4
6
2
2
8
6
5
4
3
7

Sig.
0.000*
0.002*
0.001*
0.000*
0.000*
0.10
0.83
0.10
0.000*
0.000*

Knowledge test – independent t-test
Statistic Type
Mann-Whitney
T-test
Mann-Whitney

Variance
0.00

Result
U = 621,010
t = 1.87
U = 411,034.50

DOF
1835.78

Sig
0.027*
0.06
0.000*

A Kruskal-Wallis H test was used to determine the effect of the respondent’s
perceived weather knowledge on the perceived knowledge test scores. Respondents with
a higher perceived knowledge scored higher on the perceived knowledge test than those
with a lower perceived knowledge. Respondents who were ‘extremely knowledgeable’
had a median score of 95.83%, while respondents who had ‘no knowledge at all’ had a
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median score of 66.67% (Table 2.37). There was a significant effect of the respondent’s
perceived knowledge on the perceived knowledge test scores, x2 (4) = 342.57, p < 0.0005
(Table 2.35). According to the post hoc test, there was a statistically significant difference
between all of the perceived knowledge groups (p ≤ 0.05).
Table 2.37

Perceived knowledge vs. knowledge test

Perceived Knowledge vs. Knowledge Test
Perceived Knowledge
N
Median
Mean
Std. Deviation
Extremely knowledgeable
214
95.8333
93.48
9.121
Very knowledgeable
604
91.6667
87.64
12.61
Moderately knowledgeable
940
87.5
82.31
14.66
Slightly knowledgeable
331
83.3333
76.49
17.00
Not knowledgeable at all
39
66.6667
67.95
15.97
Total
2128
87.5
83.78
15.01

Std. Error
0.62
0.51
0.48
0.94
2.56
0.33

A Kruskal-Wallis H test was used to determine the effect of the respondent’s
greatest weather threat in his or her area on the perceived knowledge test scores.
Respondents who identified floods and damaging winds as the greatest weather threat in
their area had a median score of 87.5%, while respondents who identified blizzards as the
greatest weather threat had a median score of 79.17% (Table 2.38). There was a
significant effect of the respondent’s greatest weather threat on the perceived knowledge
test scores, x2 (6) = 20.94, p = 0.002 (Table 2.35). According to the post hoc test, there
was a statistically significant difference between floods and blizzards (p = 0.025).

123

Table 2.38

Greatest weather threat vs. knowledge test

Greatest Weather Threat vs. Knowledge Test
Weather Event
N
Median
Mean Std. Deviation
Floods
204
87.5
84.62
15.42
Hurricanes
82
83.33
84.35
11.58
Blizzards
78
79.17
77.78
18.57
Tornadoes
1199
87.50
84.06
15.16
Damaging winds
518
87.50
84.01
14.24
Ice storms
55
83.33
79.62
15.77
Other
35
83.33
79.52
14.87
Total
2171
87.50
83.70
15.05

Std. Error
1.08
1.28
2.10
0.44
0.63
2.13
2.51
0.32

A Kruskal-Wallis H test was used to determine the effect of the respondent’s
previous impacts with a tornado on the perceived knowledge test scores. Respondents
who knew if they were impacted by a tornado in the past had a higher median score, 87.5,
than those who did not know, 83.33 (Table 2.39). There was a significant effect of the
respondent’s previous impacts with a tornado on the perceived knowledge test scores, x2
(2) = 14.64, p = 0.001 (Table 2.35). According to the post hoc test, statistically significant
differences existed between ‘I don’t know’ and ‘yes’ (p = 0.025) and ‘no’ and ‘yes’ (p =
0.007).
Table 2.39

Impacted vs. knowledge test

Impacted?
Yes
No
I don't know
Total

Impacted by a Tornado vs. Knowledge Test
N
Median
Mean
Std. Deviation
1478
87.50
84.66
14.15
624
87.50
81.78
16.99
69
83.33
81.04
13.15
2171
87.50
83.71
15.05

Std. Error
0.37
0.68
1.58
0.32

A Kruskal-Wallis H test was used to determine the effect of the respondent’s
response to being under a tornado watch in 2016 on the perceived knowledge test scores.
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Respondents who were under a tornado watch in 2016 had the highest median test scores,
87.5%, while respondents who were not under a tornado watch had the lowest median
test scores, 79.17% (Table 2.40). There was a significant effect of the respondent’s
response to being under a tornado watch in 2016 on the perceived knowledge test scores,
x2 (2) = 90.76, p < 0.0005 (Table 2.35). According to the post hoc test, statistically
significant differences existed between ‘no’ and ‘yes’ (p < 0.0005) and ‘yes’ and ‘I don’t
know’ (p < 0.0005).
Table 2.40

Under watch in 2016 vs. knowledge test

Under Tornado Watch in 2016 vs. Knowledge Test
Under Watch?
N
Median Mean Std. Deviation Std. Error
Yes
1833
87.5
85.19
13.59
0.32
No
210
79.1667 75.69
18.05
1.25
I don't know
132
83.3333 75.47
21.38
1.86
Total
2175
87.5
83.69
15.05
0.32

A Mann-Whitney U test was used to determine the effect of the respondent’s
response of continuing an activity if a tornado watch was issued on the perceived
knowledge test scores. Median scores for respondents continuing an activity (87.5) and
not continuing an activity (87.5) were statistically significantly different, U = 620,010, z
= 2.215, p = 0.027. The mean scores for respondents continuing and not continuing an
activity were 82.62 and 84.92, respectively (Table 2.36).
A Kruskal-Wallis H test was used to determine the effect of the respondent’s
climate region on the perceived knowledge test scores. Respondents living in the
Southeast had the highest median test scores, 91.67%, while respondents living in the
West had the lowest median test scores, 79.17% (Table 2.41). There was a significant
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effect of the respondent’s climate region on the perceived knowledge test scores, x2 (8) =
49.24, p < 0.0005 (Table 2.35). According to the post hoc test, statistically significant
differences existed between the Northeast and the Southeast (p = 0.037), the South and
the Southeast (p < 0.0005) and the Ohio Valley and the Southeast (p < 0.003).
Table 2.41

U.S. climate regions vs. knowledge test
U.S. Climate Regions vs. Knowledge Test

Climate Regions

N

Median

Mean

Std. Deviation

Std. Error

Northwest
West
Northern Rockies and Plains
Southwest
South
Upper Midwest
Ohio Valley
Southeast
Northeast
Total

3
11
17
21
783
74
445
587
67
2008

83.33
79.17
83.33
87.50
87.50
87.50
87.50
91.67
83.33
87.50

87.50
76.14
80.15
84.92
82.52
83.11
83.71
87.03
80.72
84.04

7.22
13.32
19.29
12.74
15.51
15.62
14.80
12.96
16.36
14.80

4.17
4.02
4.68
2.78
0.55
1.82
0.70
0.54
2.00
0.33

A Mann-Whitney U test was used to determine the effect of the respondent’s sex
on the perceived knowledge test scores. Median scores for men (91.67) and women
(87.5) were statistically significantly different, U = 411,034.50, z = -8.586, p < 0.0005.
The mean scores for men and women were 86.60 and 82.22, respectively (Table 2.36).
A Kruskal-Wallis H test was used to determine the effect of the respondent’s age
group on the perceived knowledge test scores. Respondents aged 30 and under, 31 – 40,
and 41 – 50 had the highest median test scores, 87.5%, while respondents 51 and over
had the lowest median test scores, 83.33% (Table 2.42). There was a significant effect of
the respondent’s age group on the perceived knowledge test scores, x2 (3) = 41.80, p <
0.0005 (Table 2.34). According to the post hoc test, statistically significant differences
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existed between ages 51 and over and 41 – 50 (p = 0.003), ages 51 and over and 31 – 40
(p < 0.0005) and ages 51 and over and 30 and under (p < 0.0005).
Table 2.42

Age groups vs. knowledge Test

Age
30 and Under
31 – 40
41 – 50
51 and Over
Total

N
507
522
462
614
2105

Age Groups vs. Knowledge Test
Median
Mean
Std. Deviation
87.50
83.93
17.09
87.50
85.86
14.24
87.50
84.37
13.75
83.33
81.61
14.43
87.50
83.83
15.00

Std. Error
0.76
0.62
0.64
0.58
0.33

A Kruskal-Wallis H test was used to determine the effect of the respondent’s
education on the perceived knowledge test scores. Respondents with an Associate’s
degree, a Bachelor’s degree, or a graduate degree had the highest median test scores,
87.5%, while respondents with only some high school had the lowest median test scores,
70.83% (Table 2.43). There was a significant effect of the respondent’s education on the
perceived knowledge test scores, x2 (7) = 68.84, p < 0.0005 (Table 2.35). According to
the post hoc test, statistically significant differences existed between some high school
and a graduate degree (p = 0.003), some high school and a Bachelor’s degree (p = 0.001),
some college and a Bachelor’s degree (p = 0.021), a high school diploma and a graduate
degree (p < 0.0005), a high school diploma and a Bachelor’s degree (p < 0.0005), and an
Associate degree and a Bachelor’s degree (p = 0.03).
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Table 2.43

Education vs. knowledge test

Highest Level of Education vs. Knowledge Test
Education
N
Median Mean Std. Deviation
Some high school, no
20
70.83
71.88
17.04
degree
High school diploma or
462
83.33
81.11
15.15
equivalent
Associate's degree
338
87.50
82.56
15.00
Bachelor's degree
698
87.50
85.92
14.10
Graduate degree
552
87.50
85.06
14.88
(Master's or Doctorate)
Other
12
79.17
78.47
14.20
Some college or in
56
83.33
78.13
18.59
progress
Vocational school or
20
83.33
83.13
15.02
certificate
Total
2158
87.50
83.75
15.01

2.4

Std. Error
3.81
0.71
0.82
0.53
0.63
4.10
2.48
3.36
0.32

Discussion and conclusion
The initial goal of this study was to determine the cost of tornado watches for

counties and cities of varying sizes and population densities in the Southeastern United
States. After conducting six semi-structured interviews with emergency personnel (four
emergency managers, one fire marshal, and one police captain of operations), it was
determined that minimal, if any, identifiable costs are associated with tornado watches.
Due to the difficulty of ascertaining a dollar value, the focus of the study turned to
assessing the daily impacts of tornado watches on the public.
A majority of the respondents accurately identified the difference between a
tornado watch and a tornado warning. 44.17% of the respondents described their weather
knowledge as ‘moderately knowledgeable’ followed by ‘very knowledgeable’ and
‘slightly knowledgeable’ with 28.38% and 15.56%, respectively. TV meteorologists, the
NWS, and weather apps are the most common sources for daily weather information and
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information regarding a tornado watch. 81.63% of the respondents correctly identified if
they were under a tornado watch during 2016.
If a severe thunderstorm watch, a tornado watch, or a PDS tornado watch was
issued, a large percentage of the respondents would alter their plans. As the severity of
the watch or the length of the activity increased, the likelihood of the respondent
continuing the activity decreased. 38.87%, 54.76%, and 79.18% of the respondents
‘probably would not’ or ‘definitely would not’ continue an activity, lasting any duration,
during a severe thunderstorm watch, a tornado watch, or a PDS tornado watch,
respectively.
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JOINING THE SCALES BETWEEN TORNADO WATCH ACCURACY AND THE
IMPACTS OF TORNADO WATCHES ON DAILY ACTIVITIES
3.1

Introduction
According to the results from Objective 1, the average area of the 2,359 tornado

watches during 2007 – 2015 was 80,936.05 km2 (31,249.41 mi2), while the average area
of the 10,840 tornadoes was 2.36 km2 (0.91 mi2). The 10,840 tornadoes covered an area
of 0.013% of the 2,359 tornado watches. Therefore, the probability of experiencing a
tornado inside a tornado watch is small.
According to the results of the surveys from Objective 2, if a severe thunderstorm
watch, a tornado watch, or a PDS tornado watch was issued, a large percentage of the
respondents would not continue an activity located at least 20 minutes from their home
with unknown shelter. 38.87%, 54.76%, and 79.18% of the respondents ‘probably would
not’ or ‘definitely would not’ continue the activity during a severe thunderstorm watch, a
tornado watch, or a PDS tornado watch, respectively.
The third objective is to link the vastly different spatial scales of Objective 1 and
Objective 2. To join the spatial scales, survey responses were applied to the population
inside a variety of tornado watches from 2016. To gain a better assessment of the effect
of tornado watches on daily activities, a variety of costs were applied to the hypothetical
activity.
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3.2
3.2.1

Methodology
Tornado watches
Similar to Objective 1, tornado watch polygons for 2016 were generated by

importing the four latitude and longitude points of each tornado watch from the SPC
Severe Weather Events Archive into Geographic Information System (GIS). Geospatial
Modeling Environment (GME) was used to connect the four points of each tornado
watch. Once all the tornado watch polygons for 2016 were regenerated using GME, the
polygons were exported as shapefiles and imported into GIS. Eleven tornado watches
across the South and the Southeast were used in this objective. The 11 tornado watches
covered a variety of population densities and were located in urban and rural areas. The
11 tornado watches covered portions of Alabama, Arkansas, Florida, Georgia, Louisiana,
Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee, and Texas. Some of
the metropolitan cities located within the 11 tornado watches included Atlanta, Dallas,
Fort Worth, Miami, New Orleans, and Oklahoma City (Figure 3.1).
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Figure 3.1

3.2.2

Eleven tornado watches from 2016 located across portions of the South and
the Southeast

Census data
Census data were used to determine the total population within each tornado

watch. Census data were obtained from the United States Census Bureau (USCB-A,
2017, USCB-B, 2017) for the 11 states included in the 11 tornado watches used in this
study. Census tracts were used for this study. “Census tracts are small, relatively
permanent statistical subdivisions of a county or equivalent entity that are updated by
local participants prior to each decennial census as part of the Census Bureau's
Participant Statistical Areas Program” (USCB-B, 2017). Census track data were
downloaded as Topologically Integrated Geographic Encoding and Referencing (TIGER)
shapefiles. TIGER shapefiles contain attributes to define roads, rivers, lakes, and census
tracts (USCB-B, 2017). “Census tracts generally have a population size between 1,200
and 8,000 people, with an optimum size of 4,000 people” (USCB-B, 2017). 2010 and
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2016 TIGER shapefiles were download for each state mentioned in the previous section.
2010 and 2016 census tracts are similar, but 2016 has been updated to ensure that the
legal boundaries and names are accurate are for that year.

Figure 3.2

2010 census tracts

The 2010 Decennial Census (DC) and the 2015 American Community Survey
(ACS) were used to obtain the total population within each census tract. Data were
downloaded from American Fact Finder, which is managed by the USCB (USCB-A,
2017). The DC is:
The census of population and housing, taken by the Census Bureau in years
ending in 0 (zero). Article I of the Constitution requires that a census be taken
every ten years for the purpose of reapportioning the U.S. House of
Representatives (USCB-A, 2017).
133

The 2010 DC contains data for 341 variables for census tracts including total population
(Figure 3.3), age, sex, race, housing units, household size, etc. (USCB-A, 2017).

Figure 3.3

2010 census tracts with population

The ACS was developed to monitor short term changes amongst communities.
The survey collects data about demographics, societies, housing, and economics
throughout the decade rather than every 10 years. Questionnaires are mailed to a sample
group. Based on the answers from the questionnaires, the ACS generates 1-, 3-, and 5year estimates. Only the 5-year estimates are available for census tracts. The 2015 ACS
contains data for 950 variables for census tracts including total population, age, sex, race,
marital status, grandparents, school enrollment, etc. (USCB-A, 2017). The ACS provides
estimate totals and margins of error for each variable.
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The total population within each tornado watch was calculated using GIS. The
total population for each census tract from the 2010 DC and the 2015 ACS was joined to
the 2010 and the 2016 census tracts, respectively. Each census tract contained the total
population or the estimated total population for the respective year. To determine the total
population within each tornado watch, census tract locations were analyzed. The total
population for each census tract that intersected a specific tornado watch was calculated.
Since the survey from Objective 2 was taken in 2016, the 2015 ACS was used to
determine how the population has changed since the 2010 DC. At the time of this study,
data from the 2016 ACS were not available.
3.2.3

Survey data
The focus of this study was to determine how many people within a valid watch

would not continue an activity based on the survey responses from Objective 2. In
Objective 2, respondents rated their likelihood of continuing an activity based on the
length of the activity and the severity of the watch. For each severe weather watch,
respondents rated their likelihood of continuing an activity lasting 30 mins, 1 hour, 2
hours, 4 hours, and the entire duration of the watch. The three types of watches were:
severe thunderstorm watch, tornado watch, and PDS tornado watch. The ratings ranged
from ‘definitely would’ to ‘definitely would not’ continue an activity. Assuming the
responses from the survey were accurate, the results were applied to the total population
for each of the 11 tornado watches. For example, if 40% of the respondents would not
continue an activity lasting the entire duration of a tornado watch and a given tornado
watch contained 100,000 people then it can be assumed that 40,000 people would not
continue the activity.
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To better assess the effects of each type of watch on the total population, a range
of prices were applied to the activity. The respondents were told that the activity was at
least 20 minutes from their home. Three prices were applied to the activity: the cost of a
gallon of gas, the cost of a picnic, and the cost of a movie ticket. Even if the activity was
free, it was assumed that a gallon of gas was used to get to the activity. In 2015, the
average price for a gallon of gas was $2.45, according to the Office of Energy Efficiency
& Renewable Energy (Energy.gov, 2017). A picnic is an affordable, low cost activity.
According to the American Farm Bureau Federation, the average cost of a picnic in 2013
was $5.72 per person (Nuss, 2013). Attending a movie is a common weekend activity,
but it comes at a higher cost. The average cost of a movie ticket in 2016 was $8.65
(IDMb, 2017). The 11 watches were compared to better understand the effects of urban
versus rural areas, the price of the activity, and the severity of watch.
3.3
3.3.1

Results
Census data
The total population within each of the 11 watches was calculated using the 2010

DC and the 2015 ACS. Population data were joined to the 2010 and 2016 census tracts,
respectively. The location and number of each watch was discussed in the previous
section (Figure 3.1).
The 11 tornado watches used in this study had an average area of 89,630.28 km2
(34,606.42 mi2), slightly larger than the 2007 – 2015 average of 80,936.05 km2
(31,249.41 mi2). Watch 004 had the largest area with 146,062 km2 (56,394.80 mi2), while
Watch 462 had the smallest area with 62,746.39 km2 (24,226.50 mi2) (Table 3.1). Watch
004 was located across portions of central and southern Florida and included the city of
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Miami (Figure 3.2). Watch 462 was located in eastern Georgia, eastern South Carolina,
and eastern North Carolina along the Atlantic Ocean (Figure 3.2).
Table 3.1

Area for 11 tornado watches during 2016
Watch
Watch 004
Watch 006
Watch 042
Watch 070
Watch 072
Watch 073
Watch 094
Watch 124
Watch 149
Watch 460
Watch 462
Average

Area (km2)
146,061.97
95,892.05
73,322.62
95,668.79
105,062.43
79,658.77
66,919.39
72,602.60
88,786.41
99,211.64
62,746.39
89,630.28

Area (mi2)
56,394.80
37,024.10
28,310
36,937.90
40,564.80
30,756.40
25,837.70
28,032
34,280.60
38,305.80
24,226.50
34,606.42

According to the data from the 2010 DC, the watch with the largest total
population was Watch 004 with 14,924,665 people. The estimated population in 2015
was 15,650,973 people, an increase of 4.75% from 2010. The watch with the lowest total
population in 2010 was Watch 094 with 508,029 people. Watch 094 was issued for
portions of southwest Texas (Figure 3.1). The estimated population for 2015 was 523,285
people, an increase of 2.96% from 2010 (Table 3.2). Watch 124, which included the
cities of Dallas and Fort Worth (Figure 3.1), had the largest population increase, 5.47%,
from 2010 to 2015. Watch 070 had the smallest population increase, 0.30%, from 2010 to
2015. Watch 070 was located across central and northern Mississippi (Figure 3.1).
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Table 3.2

2010 and 2015 population

Watch
Watch 149
Watch 094
Watch 124
Watch 042
Watch 006
Watch 070
Watch 072
Watch 073
Watch 004
Watch 460
Watch 462

2010 Population
1,886,209
508,029
7,709,798
1,620,419
4,242,523
2,326,816
4,005,271
7,949,340
14,924,665
7,956,039
2,194,520

2015 Estimated Population
1,953,061
523,285
8,143,100
1,631,981
4,334,954
2,333,707
4,033,286
8,243,975
15,650,973
8,296,490
2,293,658

Population Change
3.48%
2.96%
5.47%
0.71%
2.16%
0.30%
0.70%
3.64%
4.75%
4.19%
4.42%

The percentage of people who would not continue an activity for a severe
thunderstorm watch, a tornado watch, or a PDS tornado watch were applied to the total
population from the 2010 DC and the estimated total population from the 2015 ACS.
According to the results of the survey, 38.87% of the respondents would not continue an
activity lasting any duration if a severe thunderstorm watch was issued. 54.76% would
not continue an activity if a tornado watch was issued and 79.13% would not continue an
activity if a PDS tornado watch was issued.
3.3.2

2010 breakdown
According to the 2010 DC, 14,924,665 people were located inside Watch 004.

Since Watch 004 was a tornado watch, it can be estimated that 8,172,747 people would
not have continued an activity lasting any duration of the watch. If Watch 004 was a
severe thunderstorm watch or a PDS tornado watch, an estimated 5,801,217 people and
11,809,887 people would not have continued the activity, respectively (Table 3.3). A
PDS tornado watch had 6,008,670.13 more people not continuing an activity compared to
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a severe thunderstorm watch (Table 3.4). Watch 094 contained 508,029 people. Since
Watch 094 was a tornado watch, it can be estimated that 278,196.70 people would not
have continued an activity lasting any duration of the watch. 197,470.90 people would
not have continued the activity if Watch 094 was a severe thunderstorm and 402,003.3
people would not have continued the activity if Watch 094 was a PDS tornado watch
(Table 3.3). A PDS tornado watch had 204,532.50 more people not continuing an activity
compared to a severe thunderstorm watch (Table 3.4).
Table 3.3

2010 Decennial Census - number of people not continuing an activity based
on watch type
Watch
2010 Census
Watch 004
14,924,665
Watch 006
4,242,523
Watch 042
1,620,419
Watch 070
2,326,816
Watch 072
4,005,271
Watch 073
7,949,340
Watch 094
508,029
Watch 124
7,709,798
Watch 149
1,886,209
Watch 460
7,956,039
Watch 462
2,194,520

SVR
5,801,217
1,649,069
629,856.9
904,433.4
1,556,849
3,089,908
197,470.9
2,996,798
733,169.4
309,2512
853,009.9
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TOR
PDS
8,172,747 11,809,887
2,323,206 3,357,108
887,341.4 1,282,238
1,274,164 1,841,210
2,193,286 3,169,371
4,353,059 6,290,313
278,196.7 402,003.3
4,221,885 6,100,763
1,032,888 1,492,557
4,356,727 6,295,614
1,201,719 1,736,524

Table 3.4

2010 Decennial Census - difference in the number of people not continuing
an activity based on watch type
Watch
Watch 004
Watch 006
Watch 042
Watch 070
Watch 072
Watch 073
Watch 094
Watch 124
Watch 149
Watch 460
Watch 462

SVR – TOR
2,371,529.27
674,136.91
257,484.58
369,731.06
636,437.56
1,263,150.13
80,725.81
1,225,086.90
299,718.61
1,264,214.60
348,709.23

TOR – PDS
3,637,140.86
1,033,902.86
394,896.11
567,045.06
976,084.54
1,937,254.16
123,806.67
1,878,877.77
459,669.13
1,938,886.70
534,804.52

SVR – PDS
6,008,670.13
1,708,039.76
652,380.69
936,776.12
1,612,522.11
3,200,404.28
204,532.48
3,103,964.68
759,387.74
3,203,101.30
883,513.75

The average cost of a gallon of gas, a picnic, and a movie ticket was applied to the
total number of people not continuing an activity for each type of watch. Watch 004
contained 14,924,665 people. Therefore, 5,801,217 people, 8,172,747 people, and
11,809,887 people would not have continued an activity if Watch 004 was a severe
thunderstorm watch, a tornado watch, or a PDS tornado watch, respectively. If the only
cost related to the activity was a gallon of gas, each person would spend $2.45. For
Watch 004, the economic loss for a severe thunderstorm watch would have been
$14,212,982.35. The economic loss for a tornado watch was $20,023,229.06 and would
have been $28,934,224.17 for a PDS tornado watch (Table 3.5). For an activity only
requiring a gallon of gas, the monetary difference between a severe thunderstorm watch
and a tornado watch was $5,810,246.71. The difference between a PDS tornado watch
and a tornado watch was $8,910,995.11, while the difference between a PDS tornado
watch and a severe thunderstorm watch would have been $14,721,241.82 (Table 3.6).
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Table 3.5

2010 Decennial Census - economic loss for the cost of a gallon of gas due
to watch type

Watch
Watch 004
Watch 006
Watch 042
Watch 070
Watch 072
Watch 073
Watch 094
Watch 124
Watch 149
Watch 460
Watch 462

Table 3.6

1 Gallon of Gas ($2.45) for 2010 Population
SVR
TOR
$14,212,982.35
$20,023,229.06
$4,040,218.29
$5,691,853.71
$1,543,149.32
$2,173,986.54
$2,215,861.78
$3,121,702.88
$3,814,279.65
$5,373,551.68
$7,570,275.72
$10,664,993.53
$483,803.64
$681,581.87
$7,342,156.28
$10,343,619.19
$1,796,265.12
$2,530,575.72
$7,576,655.28
$10,673,981.04
$2,089,874.31
$2,944,211.92

PDS
$28,934,224.17
$8,224,915.70
$3,141,482.01
$4,510,963.28
$7,764,958.81
$15,411,266.22
$984,908.20
$14,946,869.74
$3,656,765.10
$15,424,253.47
$4,254,483.01

2010 Decennial Census - differences in watch type for the cost of a gallon
of gas

Watch
Watch 004
Watch 006
Watch 042
Watch 070
Watch 072
Watch 073
Watch 094
Watch 124
Watch 149
Watch 460
Watch 462

Differences in Watch Type for 1 Gallon of Gas
SVR-TOR
TOR – PDS
SVR – PDS
$5,810,246.71
$8,910,995.11
$14,721,241.82
$1,651,635.42
$2,533,061.99
$4,184,697.41
$630,837.22
$967,495.47
$1,598,332.69
$905,841.10
$1,389,260.40
$2,295,101.50
$1,559,272.03
$2,391,407.13
$3,950,679.16
$3,094,717.81
$4,746,272.69
$7,840,990.50
$197,778.23
$303,326.33
$501,104.56
$3,001,462.91
$4,603,250.54
$7,604,713.45
$734,310.59
$1,126,189.38
$1,860,499.97
$3,097,325.76
$4,750,272.43
$7,847,598.19
$854,337.61
$1,310,271.08
$2,164,608.69

The average cost of a picnic per person is $5.72. For Watch 004, the economic
loss for a severe thunderstorm watch would have been $33,182,962.87. The economic
loss for a tornado watch was $46,748,110.29 and would have been $67,552,556.01 for a
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PDS tornado watch (Table 3.7). For the cost of a picnic, the monetary difference between
a severe thunderstorm watch and a tornado watch was $13,565,147.42. The difference
between a PDS tornado watch and a tornado watch was $20,804,445.72, while the
difference between a PDS tornado watch and a severe thunderstorm watch would have
been $34,369,593.14 (Table 3.8).
Table 3.7

2010 Decennial Census - economic loss for the cost of a picnic per person
due to watch type

Watch
Watch 004
Watch 006
Watch 042
Watch 070
Watch 072
Watch 073
Watch 094
Watch 124
Watch 149
Watch 460
Watch 462

Picnic ($5.72) for 2010 Population
SVR
TOR
$33,182,962.87
$46,748,110.29
$9,432,672.91
$13,288,736.00
$3,602,781.27
$5,075,593.06
$5,173,358.93
$7,288,220.61
$8,905,175.35
$12,545,598.21
$17,674,276.38
$24,899,495.10
$1,129,533.39
$1,591,285.01
$17,141,687.32
$24,149,184.40
$4,193,729.19
$5,908,119.64
$17,689,170.70
$24,920,478.19
$4,879,216.77
$6,873,833.55
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PDS
$67,552,556.01
$19,202,660.33
$7,334,398.81
$10,531,718.34
$18,128,801.79
$35,980,588.88
$2,299,459.15
$34,896,365.26
$8,537,427.08
$36,010,910.14
$9,932,915.43

Table 3.8

2010 Decennial Census - differences in watch type for the cost of a picnic
per person

Watch
Watch 004
Watch 006
Watch 042
Watch 070
Watch 072
Watch 073
Watch 094
Watch 124
Watch 149
Watch 460
Watch 462

Differences in Watch Type for Picnic
SVR-TOR
TOR – PDS
$13,565,147.42
$20,804,445.72
$3,856,063.09
$5,913,924.33
$1,472,811.79
$2,258,805.75
$2,114,861.68
$3,243,497.74
$3,640,422.85
$5,583,203.58
$7,225,218.72
$11,081,093.78
$461,751.62
$708,174.14
$7,007,497.08
$10,747,180.86
$1,714,390.45
$2,629,307.44
$7,231,307.50
$11,090,431.95
$1,994,616.78
$3,059,081.88

SVR – PDS
$34,369,593.14
$9,769,987.43
$3,731,617.54
$5,358,359.42
$9,223,626.44
$18,306,312.50
$1,169,925.76
$17,754,677.94
$4,343,697.89
$18,321,739.44
$5,053,698.66

The average cost of a movie ticket is $8.65. For Watch 004, the economic loss for
a severe thunderstorm watch would have been $50,180,529.52. The economic loss for a
tornado watch was $70,694,257.69 and would have been $102,155,526.14 for a PDS
tornado watch (Table 3.9). For the cost of a movie ticket, the monetary difference
between a severe thunderstorm watch and a tornado watch was $20,513,728.17. The
difference between a PDS tornado watch and a tornado watch was $31,461,268.44, while
the difference between a PDS tornado watch and severe thunderstorm watch would have
been $51,974,996.62 (Table 3.10).
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Table 3.9

2010 Decennial Census - economic loss for the cost of a movie ticket due
to watch type

Watch
Watch 004
Watch 006
Watch 042
Watch 070
Watch 072
Watch 073
Watch 094
Watch 124
Watch 149
Watch 460
Watch 462

Table 3.10

2010 Decennial Census - differences in watch type for the cost of a movie
ticket

Watch
Watch 004
Watch 006
Watch 042
Watch 070
Watch 072
Watch 073
Watch 094
Watch 124
Watch 149
Watch 460
Watch 462

3.3.3

Movie Ticket ($8.65) for 2010 Population
SVR
TOR
PDS
$50,180,529.52
$70,694,257.69
$102,155,526.14
$14,264,444.17
$20,095,728.40
$29,038,988.09
$5,448,261.88
$7,675,503.49
$11,091,354.85
$7,823,348.73
$11,021,522.42
$15,926,462.18
$13,466,742.45
$18,971,927.36
$27,415,058.65
$26,727,708.16
$37,653,956.75
$54,411,205.22
$1,708,123.05
$2,406,401.29
$3,477,328.96
$25,922,306.87
$36,519,308.58
$52,771,601.31
$6,341,915.64
$8,934,481.62
$12,910,619.62
$26,750,231.91
$37,685,688.17
$54,457,058.17
$7,378,535.84
$10,394,870.66
$15,020,929.80

Differences in Watch Type for Movie Ticket
SVR-TOR
TOR – PDS
$20,513,728.17
$31,461,268.44
$5,831,284.23
$8,943,259.70
$2,227,241.61
$3,415,851.35
$3,198,173.69
$4,904,939.76
$5,505,184.91
$8,443,131.29
$10,926,248.59
$16,757,248.47
$698,278.24
$1,070,927.67
$10,597,001.70
$16,252,292.73
$2,592,565.98
$3,976,138.00
$10,935,456.26
$16,771,369.99
$3,016,334.82
$4,626,059.13

SVR – PDS
$51,974,996.62
$14,774,543.92
$5,643,092.96
$8,103,113.45
$13,948,316.20
$27,683,497.06
$1,769,205.91
$26,849,294.44
$6,568,703.98
$27,706,826.26
$7,642,393.95

2015 American Community Survey breakdown
According to the 2015 ACS, 15,650,973 people were located inside Watch 004.

Since Watch 004 was a tornado watch, it can be estimated that 8,570,472.82 people
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would not have continued an activity lasting any duration of the watch. If Watch 004 was
a severe thunderstorm watch or a PDS tornado watch, an estimated 6,083,533.21 people
and 12,384,64.93 people would not have continued the activity, respectively (Table 3.11).
A PDS tornado watch had 6,301,081.73 more people not continuing an activity compared
to a severe thunderstorm watch (Table 3.12). Watch 094 contained 523,285 people. Since
Watch 094 was a tornado watch, it can be estimated that 286,550.87 people would not
have continued an activity lasting any duration of the watch. 203,400.88 people would
not have continued the activity if Watch 094 was a severe thunderstorm and 414,075.42
people would not have continued the activity if Watch 094 was a PDS tornado watch
(Table 3.11). A PDS tornado watch had 210,674.54 more people not continuing an
activity camped to a severe thunderstorm watch (Table 3.12).
Table 3.11

Number of people not continuing an activity based on watch type using
2015 American Community Survey

Watch
Watch 004
Watch 006
Watch 042
Watch 070
Watch 072
Watch 073
Watch 094
Watch 124
Watch 149
Watch 460
Watch 462

2015 Survey
15,650,973
4,334,954
1,631,981
2,333,707
4,033,286
8,243,975
523,285
8,143,100
1,953,061
8,296,490
2,293,658

SVR
6,083,533.21
1,684,996.62
634,351.02
907,111.91
1,567,738.27
3,204,433.08
203,400.88
3,165,222.97
759,154.81
3,224,845.66
891,544.87
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TOR
PDS
8,570,472.82 12,384,614.93
2,373,820.81
3,430,249.1
893,672.80 1,291,386.57
1,277,937.95 1,846,662.35
2,208,627.41 3,191,539.21
4,514,400.71 6,523,457.42
286,550.87
414,075.42
4,459,161.56 6,443,635.03
1,069,496.20 1,545,457.17
4,543,157.92 6,565,012.54
1,256,007.12 1,814,971.58

Table 3.12

Difference in the number of people not continuing an activity based on
watch type using 2015 American Community Survey
Watch
Watch 004
Watch 006
Watch 042
Watch 070
Watch 072
Watch 073
Watch 094
Watch 124
Watch 149
Watch 460
Watch 462

SVR – TOR
2,486,939.61
688,824.19
259,321.78
370,826.04
640,889.15
1,309,967.63
83,149.99
1,293,938.59
310,341.39
1,318,312.26
364,462.26

TOR – PDS
3,814,142.12
1,056,428.29
397,713.77
568,724.40
982,911.80
2,009,056.71
127,524.56
1,984,473.47
475,960.97
2,021,854.61
558,964.46

SVR – PDS
6,301,081.73
1,745,252.48
657,035.55
939,550.44
1,623,800.94
3,319,024.34
210,674.54
3,278,412.06
786,302.36
3,340,166.87
923,426.71

Watch 004 contained 15,650,973 people. Therefore, 6,083,533.21 people,
8,570,472.82 people, and 12,384,64.93 people would not have continued an activity if
Watch 004 was a severe thunderstorm watch, a tornado watch, or a PDS tornado watch,
respectively. If the only cost related to the activity was a gallon of gas, each person would
spend $2.45. For Watch 004, the economic loss for a severe thunderstorm watch would
have been $14,904,656.35. The economic loss for a tornado watch was $20,997,658.40
and would have been $30,342,306.59 for a PDS tornado watch (Table 3.13). For an
activity only requiring a gallon of gas, the monetary difference between a severe
thunderstorm watch and a tornado watch was $6,093,002.04. The difference between a
PDS tornado watch and a tornado watch was $9,344,648.19, while the difference between
a PDS tornado watch and a severe thunderstorm watch would have been $15,437,650.24
(Table 3.14).
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Table 3.13

2015 American Community Survey - economic loss for the cost of a gallon
of gas per person due to watch type
1 Gallon of Gas ($2.45) for 2015 Estimated Population
Watch
SVR
TOR
PDS
Watch 004
$14,904,656.35 $20,997,658.40 $30,342,306.59
Watch 006
$4,128,241.72
$5,815,860.99
$8,404,110.30
Watch 042
$1,554,159.99
$2,189,498.35
$3,163,897.08
Watch 070
$2,222,424.18
$3,130,947.99
$4,524,322.76
Watch 072
$3,840,958.76
$5,411,137.16
$7,819,271.07
Watch 073
$7,850,861.05 $11,060,281.74 $15,982,470.67
Watch 094
$498,332.15
$702,049.62
$1,014,484.78
Watch 124
$7,754,796.28 $10,924,945.82 $15,786,905.82
Watch 149
$1,859,929.29
$2,620,265.70
$3,786,370.06
Watch 460
$7,900,871.87 $11,130,736.91 $16,084,280.72
Watch 462
$2,184,284.92
$3,077,217.45
$4,446,680.36

Table 3.14

2015 American Community Survey - differences in watch type for the cost
of a gallon of gas
Differences in Watch Type for 1 Gallon of Gas
Watch
SVR – TOR
TOR – PDS
SVR – PDS
Watch 004
$6,093,002.04 $9,344,648.19 $15,437,650.24
Watch 006
$1,687,619.27 $2,588,249.31
$4,275,868.58
Watch 042
$635,338.36
$974,398.74
$1,609,737.10
Watch 070
$908,523.80 $1,393,374.77
$2,301,898.57
Watch 072
$1,570,178.41 $2,408,133.91
$3,978,312.31
Watch 073
$3,209,420.69 $4,922,188.93
$8,131,609.62
Watch 094
$203,717.47
$312,435.16
$516,152.63
Watch 124
$3,170,149.55 $4,861,960.00
$8,032,109.55
Watch 149
$760,336.41 $1,166,104.37
$1,926,440.78
Watch 460
$3,229,865.04 $4,953,543.80
$8,183,408.84
Watch 462
$892,932.53 $1,369,462.91
$2,262,395.44

The average cost of a picnic per person is $5.72. For Watch 004, the economic
loss for a severe thunderstorm watch would have been $34,797,809.93. The economic
loss for a tornado watch was $49,023,104.50 and would have been $70,839,997.43 for a
147

PDS tornado watch (Table 3.15). For the cost of a picnic, the monetary difference
between a severe thunderstorm watch and a tornado watch was $14,225,294.57. The
difference between a PDS tornado watch and a tornado watch was $21,816,892.93, while
the difference between a PDS tornado watch and a severe thunderstorm watch would
have been $36,042,187.49 (Table 3.16).
Table 3.15

2015 American Community Survey - economic loss for the cost of a picnic
per person due to watch type
Picnic ($5.72) for 2015 Estimated Population
Watch
SVR
TOR
PDS
Watch 004
$34,797,809.93 $49,023,104.50 $70,839,997.43
Watch 006
$9,638,180.67 $13,578,255.04 $19,621,024.85
Watch 042
$3,628,487.80
$5,111,808.39
$7,386,731.15
Watch 070
$5,188,680.13
$7,309,805.09 $10,562,908.64
Watch 072
$8,967,462.89 $12,633,348.81 $18,255,604.29
Watch 073
$18,329,357.23 $25,822,372.06 $37,314,176.43
Watch 094
$1,163,453.03
$1,639,070.95
$2,368,511.41
Watch 124
$18,105,075.39 $25,506,404.12 $36,857,592.37
Watch 149
$4,342,365.52
$6,117,518.28
$8,840,015.01
Watch 460
$18,446,117.19 $25,986,863.33 $37,551,871.71
Watch 462
$5,099,636.63
$7,184,360.73 $10,381,637.41
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Table 3.16

2015 American Community Survey - differences in watch type for the cost
of a picnic per person
Watch
Watch 004
Watch 006
Watch 042
Watch 070
Watch 072
Watch 073
Watch 094
Watch 124
Watch 149
Watch 460
Watch 462

Differences in Watch Type for Picnic
SVR-TOR
TOR – PDS
SVR – PDS
$14,225,294.57 $21,816,892.93 $36,042,187.49
$3,940,074.37
$6,042,769.82
$9,982,844.19
$1,483,320.59
$2,274,922.76
$3,758,243.35
$2,121,124.96
$3,253,103.54
$5,374,228.51
$3,665,885.91
$5,622,255.49
$9,288,141.40
$7,493,014.83 $11,491,804.37 $18,984,819.20
$475,617.92
$729,440.45
$1,205,058.37
$7,401,328.73 $11,351,188.25 $18,752,516.98
$1,775,152.77
$2,722,496.72
$4,497,649.49
$7,540,746.13 $11,565,008.39 $19,105,754.52
$2,084,724.11
$3,197,276.68
$5,282,000.79

The average cost of a movie ticket is $8.65. For Watch 004, the economic loss for
a severe thunderstorm watch would have been $52,622,562.22. The economic loss for a
tornado watch was $74,134,589.85 and would have been $107,126,919.19 for a PDS
tornado watch (Table 3.17). For the cost of a movie ticket, the monetary difference
between a severe thunderstorm watch and a tornado watch was $21,512,027.62. The
difference between a PDS tornado watch and a tornado watch was $32,992,329.34, while
the difference between a PDS tornado watch and a severe thunderstorm watch would
have been $54,504,356.96 (Table 3.18).
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Table 3.17

2010 American Community Survey - economic loss for the cost of a movie
ticket due to watch type

Movie Ticket ($8.65) for 2015 Estimated Population
Watch
SVR
TOR
PDS
Watch 004
$52,622,562.22 $74,134,589.85 $107,126,919.19
Watch 006
$14,575,220.76 $20,533,550.01
$29,671,654.72
Watch 042
$5,487,136.28
$7,730,269.68
$11,170,493.79
Watch 070
$7,846,518.03 $11,054,163.30
$15,973,629.32
Watch 072
$13,560,936.02 $19,104,627.13
$27,606,814.18
Watch 073
$27,718,346.16 $39,049,566.14
$56,427,906.66
Watch 094
$1,759,417.61
$2,478,664.99
$3,581,752.39
Watch 124
$27,379,178.69 $38,571,747.49
$55,737,443.01
Watch 149
$6,566,689.11
$9,251,142.16
$13,368,204.51
Watch 460
$27,894,914.98 $39,298,316.04
$56,787,358.45
Watch 462
$7,711,863.08 $10,864,461.59
$15,699,504.13

Table 3.18

2015 American Community Survey - differences in watch type for the cost
of a movie ticket
Watch
Watch 004
Watch 006
Watch 042
Watch 070
Watch 072
Watch 073
Watch 094
Watch 124
Watch 149
Watch 460
Watch 462

3.3.4

Differences in Watch Type for Movie Ticket
SVR – TOR
TOR – PDS
SVR – PDS
$21,512,027.62 $32,992,329.34 $54,504,356.96
$5,958,329.25
$9,138,104.71 $15,096,433.96
$2,243,133.40
$3,440,224.11
$5,683,357.51
$3,207,645.27
$4,919,466.02
$8,127,111.29
$5,543,691.11
$8,502,187.05 $14,045,878.16
$11,331,219.98 $17,378,340.52 $28,709,560.50
$719,247.38
$1,103,087.40
$1,822,334.78
$11,192,568.80 $17,165,695.52 $28,358,264.32
$2,684,453.05
$4,117,062.35
$6,801,515.40
$11,403,401.06 $17,489,042.40 $28,892,443.46
$3,152,598.52
$4,835,042.53
$7,987,641.05

Statistical significance
A Kruskal-Wallis H test was used to determine if any statistically significant

differences for economic loss existed between watch types. The Kruskal-Wallis H test is
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the nonparametric alternative to one-way ANOVA. Since the dependent variable was not
normally distributed between the watch types, an one-way ANOVA could not be used. If
the Kruskal-Wallis H test was statistically significant, p ≤ 0.05, a post hoc test was
calculated in SPSS using Dunn’s procedure with a Bonferroni correction.
For the 2010 DC data, there was a significant effect of watch type on economic
loss, x (2) = 6.949, p = 0.031. According to the post hoc test, a statistically significant
2

difference existed between ‘severe thunderstorm watch’ and ‘PDS tornado watch’ (p =
0.025). For 2010, the mean value for a severe thunderstorm watch, tornado watch, and
PDS tornado watch was $10,960,673.79, $15,441,381.44, $22,313,303.75, while the
median value was $7,378,535.84, $10,394,870.66, and $15,020,929.80, respectively.
For the 2015 ACS data, there was a significant effect of watch type on economic
loss, x (2) = 6.592, p = 0.037. According to the post hoc test, a statistically significant
2

difference existed between ‘severe thunderstorm watch’ and ‘PDS tornado watch’ (p =
0.031). For 2015, the mean value for a severe thunderstorm watch, tornado watch, and
PDS tornado watch was $11,379,664.42, $16,031,654.84, $2,3166,268.22, while the
median value was $7,754,796.28, $10,924,945.82, and 15,786,905.82, respectively.
3.4

Discussion and conclusions
During 2007 – 2015, a total of 2,359 tornado watches were issued by the Storm

Prediction Center and 10,840 tornadoes were confirmed. The objective of the first part of
this study analyzed the accuracy of tornado watches for the nine-year period of 2007 –
2015. In addition to accuracy, fatalities, lead times, valid watch times, and areas were
calculated for each tornado watch. 58.80% of the tornado watches had at least one
tornado inside the tornado watch and 27.43% had at least one tornado outside the tornado
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watch. Of the 10,840 tornadoes, 56.70% were inside a tornado watch, 9.69% were
outside a tornado watch, and 33.62% occurred when there was no tornado watch in
effect. The average valid time for a tornado watch was 6 hours and 50 minutes and the
average lead time for a tornado was 2 hours and 8 minutes. Tornado watches are designed
to alert the public to the potential threat to life and property, a mission of the National
Weather Service. This portion of the study demonstrates the difficulty of accurately
forecasting tornadoes, both spatially and temporally, as well as the significance of
preparedness and mitigation strategies. It should be noted that the accuracy of tornado
watches was analyzed, not the effectiveness of tornado watches.
The objective of the second part of this study was to determine the effects of
tornado watches on daily activities. Each respondent rated his or her likelihood to
continue an activity depending on the severity of each watch and the length of the
activity. As the severity of the watch or the length of the activity increased, the likelihood
of the respondent continuing the activity decreased. 38.87%, 54.76%, and 79.18% of the
respondents ‘probably would not’ or ‘definitely would not’ continue an activity, lasting
any duration, during a severe thunderstorm watch, a tornado watch, or a PDS tornado
watch, respectively.
The objective of the third part of this study was to link the vastly different spatial
scales of Objective 1 and Objective 2. To better assess the effects of each type of watch
on the total population, a range of prices were applied to the activity. The percent of
respondents who would not continue an activity, based on the severity of the watch, were
applied to a variety of watches that occurred during 2016. According to the 2015 ACS,
the economic loss associated with a watch can range from $498,332.15 – 107,126,919.19
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based on the severity of the watch, the location and area of the watch, and the cost of the
activity.
3.5

Limitations and future research
Several limitations existed within this study. In objective 1, the area of the

tornado tracks was calculated by multiplying the length of the track by the width of the
track. The tornado track data only contains the maximum width of the track, not the
width of the entire track. Therefore, the calculated area of the tornado track was greater
than the actual area. In objective 2, a significant number of survey participants were well
educated in meteorology, which could have skewed the results for the public. In objective
3, several assumptions were made. The first assumption was that the results from the
survey could be applied to a larger population. The second assumption was that the
results were accurate and the third assumption was that the entire population under the
watch had an activity planned. Future research will include gaining a better
understanding of true cost, looking at social construct and how it relates to cost, and costs
associated with school closings.
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Figure A.1

Consent form
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Figure A.2

Recruitment form
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Figure A.3

Interview questions
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Figure A.4

Survey page 1
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Figure A.5

Survey page 2
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Figure A.6

Survey page 3
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Figure A.7

Survey page 4
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Figure A.8

Survey page 5
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Figure A.9
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